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I DO not pretend to give the origin of Fire- 
workSp which fome affirm were ufed in the 
Trojan war. 

It isfufficientfor me, that they have flourifhed 
a long time» and continue to do fo in all polite 
nations. I am feniible that there are many 
treatifes on this fubjed:, but they are imperfe<ft 
and erroneous. 

I have avoided prolixity without being obfcurc ; 

my rules are plain^ and I have endeavoured to 

lead the reader in the eafieft manner, from the 

minuteil circumftances to the higheft, and have 

;. :* .carefully kept to the fubjeft, I cannot help re- 

..^'•".^. :;;. . '* ihiSti«g with fome chagrin, that, when we have 

;/ .V ,,' ^.'''th^le diverfions exhibited, we have moflly had 

'. ./.; .\ rccourfe to foreigners; if owing to our ignorance 

/ / on this fttbjed:, I (hall be happy if in my power 

to correft them. 
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ARTIFICIAL 

FIREWORKS. 



Sect. I. — S altpetre. 

SALTPETRE being the principal ingredient in fire- 
works, and a volatile body, by reafon of its aque- 
ous and aerial parrs, iseafily rarified by fire ; but not fo 
icon when foul and grofs, as when purified from its 
crude and earthy parts, which greatly retard its velo- 
city : therefore, when any quantity of Fireworks are to 
be made, it ftiould be exa'iiined ; for if it is not well 
1 cleanfed, and of a good fort, your works will not have 
I their proper effeft; neith'-r will it agree with theftanding 

iiroportions of comiiofuions : but to prevent aciydenw 
. fhal! proceed with the method of refining it. 

To refine Saltpetre. 

Put into a copper, or any other veffel, loo lb. of 
J rough nicrc with 14 gallons of clean water; let it 
I boil gently half an hour ; as it boils take off the fcum j 
I then Itir it, and before it fettles put it into your filtering 
1 bags, which muft be hung on a rack^ with glazra 
earthen pans under thenn, in which muft be ftickslaid 
acrofs for the crjftals to adhere to j it muft ftand in the 

{lans 2 or 3 days to ftioot, then take out the cryftals and 
et them dry : the water that remains in the pans boil 
again an hour, and ftrain it into the pans as before, 
and the laltpetre will be quite clear and tranfparcnCi 
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2 ARTIFICIAL 

if not, it watJtt more refining, to do whidd proceed as 
ufual, till it is well cleanfed of all its earthy parts. 

N. B. Thofe who do not chufe to procure their 
faltoetre by the above method, may buy it ready done, 
which for fireworjcs in general will do. 

To pulverife Saltpetre. 

Take a copper kettle whofe bottom muft be fpherical, 
and put into it 141b. of refined faltpetre, with 2 
quarts or 5 pints of clean water ; then put the kettle on 
a flow fire, and when the faltpetre is diflblved, if any 
impurities arife, Ikim them otF, and keep coniicintiy 
ftirring it with 2 largp fpatulas, rill all the water exhales ; 
and when done enough, it will appear like \\ hite fand, 
and as fine as flour ; but ?f it Ihould boil too fait, uke the 
kettle off the fire, and fet it on fome wet fand, which 
will prevent the nitre from flicking to the kettle. 
When you have pulverlfed a quantity of faltpetre, be 
careful to keep it in a dry place. 

To extraft Saltpetre from damaged 

Gun-Powder. 

Have fome filtering bags, hung on a rack, with glazed 
earthen pans under them, in the fame manner as thofe 
for refining faltpetre : then take any quantity of damaged 
powder, and put it into a copper, with as much 
clean water as will cover it ; when it begins to t-oil 
take off the fcum, and after it has boiled a few minutes, 
ftir it up ; then take it out of the copper with a fmall 
hand kettle for that purpofe, and put Ibme into each 
bag, beginning at one end of the rack, fo that by the 
time you have got to the laftbag, the firft will be ready 
for more; continue thus, till all the bags are full ; 
then take the liquor out of the pans, w hich boil and 
filter, as before, 2 or 3 rimes, rill the water runs quite 
elear^ which you rauft let ftand in the pans fome rime, 
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FIREWORKS. 9 

and the falti^etre will appear at top. To get the faltpetrte 
entirely out of the powder, take the water from that 
already extraded, to .which add fome frefh and the 
dregs of the powder that remain in the bags, and put 
them in a velfel, . to {land as long as you pleafe, and 
when you want to extract the nitre, you muft proceed 
with this mixture as with the powder at firft, by which- 
means you will draw out all the faltpetre; but this 
procefs mufl be boiled longer than the firit 

Sulphur, or Brimstone. 

Sulphur is by nature the food of fire, and one of the 
principal ingredients in gunpowder, and almoft in all 
compofitions of fireworks ; therefore great care muft be 
taken of its being good, and brought to the higheft 
perfection. To know when the fulphur is good, you 
are to obferve that it is of a high yellow, and if, wheq • 
held in one's hand, it crackles and bounces, it is a fign 
that it is frefh and good : but as the method of reducing 
brimftone to a powder is very troublefome, it is better 
to buy the flour ready made, which is done in large 
quantities, and in great perfeAion : but when a grand 
colleftion of fireworks arc to be made, the ftrongeft 
and beft fulphur is the lump brimftone ground in the 
fame manner as gunpowder, which you \\ ill find in the 
following part. 

To prepare Charcoal for Fireworks. 

Charcoal is a prefervative by which the faltpetre 
and the brimftone is made into gun-powder, by prevent- 
ing the fulphur from fufFocating the ftrong and windy 
exhalation of the nitre. There are feveral forts of wood 
made ufe of for this purpofe; fome prefer hazle, others 
willow and alder; but there being fo little dijfference, you 
may ufe either, which is moft convenient to be got. 
jAnd the method of burning it is. Cut it in piece3 
ibout I or 2 feet long,- then fplit each piece in 4 parts; 
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4 ARTIFICIAL 

icale off the bark and hard knots, and dry them m the 
lun or ia an oven, then make in the earth a iquare hole, 
mod line it with bricks, in which lav the wood, croffing 
coe another, and fet it on fire ; when thoroughly light- 
ed and in a flame, cover the hole with bo..rds, and fling 
earth over them ciofe, to prevent the air from getting in, 
«« jet Ho as not to iull among the charcoal ; and when it 
lias Iain thus 24 hours> take out the cojIs and lay them 
ia a dry place for ufe. It is to be obferved, that char- 
coal for fireworks muft always be foft and well burnt, 
which may be bought ready done« 

To make Artificial CAifiPHOR. 

Camphor, in the Materia medica, *' is a body of a 

• particular nature, being neither a refin, a volatile 

• lalt^ an oil, a juice, a bitumen, or a gum, but a 
« mixed fiibftance, dry, white, tniTfparcnt and brittle, 
^ of a ftrong and penetrating fmcll. The Indians dil* 
** tinguilh two kinds of it, a <^ner and a coarler ; the 

• finer is die produce of R)mt j and Sumatra, b very 
•• rare^ and is hardly ever feiit into Europe ; the coarler 
•■ b the Japonele, which is the common, both in the 

• In£es axxd in Eorope. 

*• The camphor, which we meet with in (hops, is 

• al£} of 2 kinds, difl&ring in regard to the degree 
^ of their puritv, and diftinguiihed by the name of 

• Rough and ReEned. The tree, which produces cam- 
^ pboTy is a fpecies of bay tree, every part of which 
^ abounds with camphor ; but is not collected from 
** it in the manner of refins^ but by a fort of chemical 
*■ prjcei& — The natives of the place where the trees 
^ grow, cue the wood and roots into fmall pieces, 
** and put them into I irge copper veflelsy which they 

• cover with earthen h^s^ fflled with ftraw ; diey 
^ give a moderate fire under diem^ and the camphor is 
^ raiied in fomi of a white downy matter, and retained 
^ amongr the ficaw ; when the pn>Ge& is over,, they 
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*^ fliake it out of the draw, and knead it into cakes. 
^^ Tbcfe cakes are not very compaft, but eafily crum- 
" bled to pieces ; they are moderately heavy, of a 
•* greyilh or dufky reddifh white in colour, of a pun- 
** gent fmell and acrid tafte, and what we call rough 
*' camphor. 

" Refined camphor muft be chofen of a perfeftlf 
^^ clean white colour, very bright and pellucid, of the 
" fame finell and tafte with the rough, but more acrid 
" and pungent. — It is fo volatile that merchants ufually 
*^ inclofe it in lin-feed, that the vifcofity of that grain 
** may keep its particles together/' 

There is alfo an artificial camphor for fireworks, 
which is made from gum fandarach pulverifed 2 pound, 
and diftilled vinegar enough to cover it; put them 
in a glafs phial, and fet it 20 days in warm horfedung. 
Then take it out, and pour it into a large-mouth phial ; 
and expofe it to the fun a month, and you will have a 
concreted camphor in form of the cruft of bread, and 
fomething like the natural camphor : which when you 
ufe muft be ground to a powder with a 1 ttle fpirits of 
wine in a murtar. Though we have here taught the 
method of making artificial camphor, I would not 
recommend it to thofe who chufe to make their works 
to perfection, the natural camphor being by far the 
beft. 

To make the Oil of Camphor, 

Which is fometimes ufed to moiften compcfitions. 
It Is produced by adding to fome camphor a little oil of 
Jweet almonds, and working them together in a brafs 
mortar, till it turns to a green oil. 

N. B. Thofe works that have any camphor in their 
compofitions, ihould be kept as much from air as pof- 
fible, or the camphor will evaporate. 
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Benjamin. 

Benjamin is a refin (much ufcd by perfumers, and 
femctimcs in medicine) ; it is brought from the Indies, 
where it 'S found of different forts ; and diftinguifhed 
by colours, viz. y l!ow, grey, and brown ; but the 
bcft is that which is eafy to break and full of white fpots. 

Benjamin is one of the ingredients In odoriferous fire- 
works, when reduced to a fine flour ; which may be 
done by putting into a deep and narrow earthen 
P'>t, 3 or 4 07. cf benpmin grofsly pounded ; cover the 
pot with piper, which tie very clofe round the edge ; 
then fet the pot on a flow fire, and once in an hour take 
off the paper, and you will find fume flour fKcking to 
ii% which return again in the pot; thb you muft coo- 
tdmie till the flour appears white and fine. There is 
alto an oil of benjamin, which is fbmetimes drawn from 
the dregs of the flour ; it afiords a very good fccnt, asd 
©ay be ufcd in wet campjficions* 

Origix of Gun-powder. 

Gunr-powdier bcirg the prrncipal ingredkttt in fire- 
works it b piroper tO' g^ive a thort defiaitioe of its flmtg^ 

^xplodve turv:v!, and ciuie of a»Aioa» which, accowfing 
to Dr. Sh-aw, the chemicil ciute ef the explofive force 
oif gur.-jx^'Ydxjr^ us *** EiK'h grifa Git" po-wder coBaEftmg 
"^ ot ± ctrrfjiit proportkin df tulyfe^nr, nire, and cool, 
^ the coilF j>retvrn:iy tJLkt::^^ fce» up«ja o^atoct of the 
•'•^ FirtaiLra tl>acl : at wiFch tinrre both rfiw? turpbur snd 
^ the aicr^ Imixtediiiirelv melt, icvl bv nseaiis of the coal 
** iuD^rpciiid bettve^ict tbv:!;a> burtt mco- fiaxa^ ; wficLdi 
** fpn^acir^ irom grain to ^ruirr^ propogjK^ the £tme 
^"^ eiiecfc ahrtclt inibjit-irreou+Iv : wbccicvi the whole mats 
^ or wwdec coiir^ to be 6jxd ; iod as oior^ cocrarns 
^^^^ boca i large jpropcrrlcu or iir iood \vdC'>^i% which are 
^^ oww vicicady ririded by tiui b^vi^ i tijoai of fiery 
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** explofivc blaft is thus produced, wherein the nitre 
*^ feemsy by iti aqueous and aerial parts, to a£t as beV 
** lows to the other inflammable bodies, fulphur and 
*• coal, to blow them into a flame, and carry off" their 
** whole fubftancc in fmoke and vapour/* 

After having fpoke of the nature of powder, I ihall 
)n the next place proceed to its origin, though fome- 
what uncertain ; but it is imagined to have been invent- 
ed in the time of nlexander the Great, as i 'hilofl:ratu8 
fpeaks of a city near the river Hynafis in the Indies, that 
was faid to be impregnable, and its inhabitants relations 
of the gods, becaufc they threw thunder and lightninj 
on their enemies ; but this perhaps might be the eflc<' 
of gun-nowder, which, not being known to othei* peo- 
ple, might well be faid to be thunder and light- 
ning. 

This conjefture has been confirmed by fome travel- 
lers, who aflert that it was uf 'd in the Eaft-lndics, par- 
ticularly in the Philippine Iflands, about 85, which 
is 1165 years before it was known in Europe, where 
they fay it was not known till 13^0, though, it is faid, 
there is mention made of gunpowder in the regifl:er8 of 
the chambers of accounts in France, in 1-^38; and 
Friar Bacon mentions the compofition of powder in ex- 
prefs terms, in his treatife Dc nuUirate magiae, publifli- 
ed at Oxford in 1216; but we find from moil accounts^ 
that the Germans have the honour of the inven- 
tion. 

I fliould give a defcription of a machine for trying 
gun-|K)wuer, but they are (o common, it would be 
nccdlefs; yet would have all who pradifc this art 
know, that, when they make flcy rockets with powder, 
it muft be of the beil kind ; but as to whi.-els and 
other common works, any will do, only be cardul it is 
quite dry. 
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Compofitions for Gun-powO£K of dif- 
ferent kinds. 

Having treated of the nature of powder* and its 
origin, I fhall give the proportion of each ingredient^ 
it being proper that every one who ufes powder, ihould 
know of what it is compofed Therefore, I fliall fet 
down the feveral compofitions mentioned in Cafimir 
Siemienowicz's grand art of artillery, in which there 
are fix forts, viz. 

• 

j iSlb. j [2olb< 

Saltpetre lOO lb. fulphur \ 1 2 lb. [.and coal J 1 5 lb, 




I 2olb. i 1241b. 

Ii5lb. • 18 lb, 

'^lolb.-^ I 81b. 

Belidor, in his Hydraulics, fpeaks of a compofion 
for gun-powder, which is, to 30 lb. of faltpetre, add 
5 lb. of fulphur, with as much coal : but the proportions 
of the feveral ingredients are to be found beft by ex- 
perience. Though there has been fo much praftice in 
making powder, there has not yet been afcertained a Hand- 
ing proportion of the nitre, fulphur, and coal ; but it is 
hoped that in time this great and noble invention will 
be much improved, and that the different and beft 
quantity of every ingredient will be afcertained. At the 
powder mills they generally allow for waftmg, in making 
up, I i lb. in 100. Their mixture for 100 of good 
powder is thus: To 76 | lb. of faltjietre, well refined 
and dry'd, 12 |lb. of coal, and as much fulphur^ 
which makes loi | lb. which when worked up will 
nearly weigh loc. As gun-powder is capable of being 
improved, I fliall not omit any particular that may be 
of fervice to fuch as are willing to make experiments ; 
viz. refined faltpetre 5 lb« fulphur i lb» 4 oz. and char* 
coal 7 i oz. 

Though 
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Though you may have a good proportion oTingredients* 
the powder will not always be the fame: much depends 
on tneir being well incorporated, corned and dry*d, the 
method of which will be taught in the next article. • 

To reftore damaged Gun-powder to its 

proper ftrength. 

It is certain, that, if powder is kept long in a damp 
place, it will become weak, and great part formed into 
hard lumps, a fure fign of its being damaged. Whea 
powder is thus found, you will fee at the bottom of 
the barrel fome faltpetre, which, by being wet, will 
feparate from the fulphur and coal, and fall to the bot- 
tom of the veflel, and fettle in the form of a white 
downey matter; but the only method to prevent this, 
is to move the barrels as oft as convenient, and place 
them on their oppofite fides or ends : but thoygh the 
greateft care be taken, length of time will greatly leffen 
its primitive ftrength. 

Therefore when any of thefe accidents happens, you 
may recover it by applying to thefe direftions ; for ex- 
ample, if you imagine that it has not received much 
damage, proceed thus. Spread it on canvas, or dry 
boards, and expofc it to the fun, then add to it an equal 
quantity of good powder, and mix them well, and, 
when thoroughly dry, barrel, and put it in a dry and 
proper place. But if gun-powder is quite bad, the 
method to reftore it is ; firft, you muft know what 
it weighed when good ; then, by weighing it again, 
you find how much it has loft by the reparation atxl 
evaporation of the faltpetre; then add to it as much re- 
fined faltpetre, as it has wafted, but as a large quantity 
of this would be difficult to mix, it will be beft to pm 
a proportion of nitre to every 20 lb* of powder j wheii 
done, put one of thefe proportions into your mealing 
table, and grind it, till you have brought it to an im- 
palpable powder, then fearce it with a fine ficvc; but if 

any 
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any remain in the fieve that will not pafs, return it t 
^ the table, and grind it again, till you have made it a 

I fine enough to go through ; being thus well ground an 

* . lifted, it mufl be made into grains thus : firft you mu 

liave fome (copper wire ficves) made to what fize yc 
intend the grains^ Ihould be ; thefe are called comic 
fieves or grainers, which fill with the powder con 
pofition, then ihake them about, and the powder wi 
pafs through the fieve, formed into grains. Havir 
thus corned it, fet it to dry in the fun ; and when qui 
^ dry, fearce it with a fine hair fieve, to feparate the du 

from the grains. This dull may be worked with ai 
i Other mixture ; fo that none will be wafted : but fomi 

times it may happen, that the weight when good caj 
not be known ; in which cafe add to each lb. i oz. < 
I I oz. of faltpetre, according as the powder is decayet 
and then grind, fift, and granulate it as before. 

N. B. If you have a large quantity of powder, th; 
Is very bad, and quite f[>oiled ; the only way is to e: 
tnicl the faltpetre from it, according to the ufual mai 
r.er : for powder thus circumftanced, will be very di 
ficult to recover. 

Silent Powder, commonly called Whit 
f * Powder* 



fr 



It would be rather abuird to imagine, that it is po 
• fible for gun-powder to have any efFeift without fon 

report, when it is well known, that the found does n< 
proceed from the powder only, but from the air bein 
rarified by the expanfion of it. 

It is evident, that any com pofition afting with tl 

lame explofivc force, will produce the fame eflfedt, i 

e\'ery relpei>. Yet for fuch I never had any proof, n( 

j^ ever knew any ex^^eriment made of it, but have fo litt 

L faith in it, that I Ihould not have given it a place i 

yt this work, had k not been treated of by fome autho 

||l > of note ; and at the iixiuz time giving every one^ wi 
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IS fond of this art, all opportunities of making; experi- 
ments, and of knowing every thing relating to it. 

To make Silent Powder. 

For the firft fort, mix 2 lb. of borax, with 4 lb. of 
gun-powder, 

2d. Add fib. of lapis-calaminarls, and Jib. of borax, 
to 2 lb. of powder. 

3d. To 6 lb. of gun-powder J lb. of calcined moles, 
with as much borax of Venice. 

4th. To 6 fib. of fakpetre, 8 fib. of fulphur, and 
I lb. of the fecond bark of an elder tree, burnt and 
ground to a powder, with 2 lb. of common fait. 

There are many other methods of making filent pow- 
der, according to report, by ufing camphor or touch- 
wood inftcad of charcoal, or by adding to the common 
powder burnt paper, hay feed, &c. When any of thefe 
ingredients are to be mixed with common powder, grind 
them together, and make them into grains. 

Gun-powder of different Colours. 

• Notwithftanding the repeated trials and experiments, 
HKide by the greateft artifts, to add to the ftrength of 
gun-pov^'-der, all have proved ineffeftual, and molt have 
agreed that the prefent powder will not admit of a fourth 
ingredient : therefore it is evident, that any thing being 
mixed with the prefent compofition would rather reduce 
its ftrength than add to it ; confequenrly coloured pow-. 
der muft be weaker than black : fo that the making of 
powder of different colours, is only a fancy that ferves 
to pleafe the curious, without any other efFedt, 

To make Gun-powder white. 

To 61b. of falt-petre, add i lb. of the pith of an elder 
tree, well dried and pulverifed, with a fufficicnt quy^-; 

titr 
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tidr of t^rimflocic to make it into powder, whicb you 
will find in the compofitionof gun-povi'der, or i oz.of 
the (alt of tartar^ ealcined till it comet white, and then 
boiled in clear water, till the water is all evapcM-ated* 

To make Powder red. 

Boil in water (bme brafil wood or vemullion and i lb. 
of chopj)ed paper ; and, when boiled for fome time to 
draw out the colour, dry and meal it with i lb. of fu^ 
phur, and 8 lb of faltpetre. 

Or, to 61b, of faltpctre, i lb. of fulphur, and | lb* of 
amber, and blood (tone i lb. 

To make Yellow Powder. 

Take 8 lb. of faltpctre, i lb. of fulphur, and i lb. of 
M*ild faffron, that has been boiled in aqua vitas, and af- 
terwards made dry and mealed. 

To make Green Powder. 

Boil 2 lb. of rotten wood, with fome verdegreafe In 
aaua vita?, then dry and pound it, and mix it with i lb. 
of fulphur, and lolb. of faltpctre. 

To make Blue Powder. 

Boil fome indigo in aqua vitse, with i lb. of the bark (^ 
a young linden tree, then dry and reduce it to a powder, 
and mix it with i lb. of brimftone, and 8 lb. of faltpctre. 

To make Pulvis Fulminans, or Thunder 

in a Room. 

This compofition is fimple, yet has a very curious 
effcft ; it is made 3 parts of faltpctre, 2 of fait of tartar, 
and I of fulphur, all ground to a fine powder, and well 
initt As the cfTed of this powder is quite different from 

that 
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that of gun-powder, fo is there a different method of 
firing it, which is thus : Put about 2 tea fpoonfuUs of 
it into a fire-fliovcl, or iron ladle, and fet it over a 
flow fire, and when it is quite hot, it will go off with a 
violent report. There is fomething furprifing in the 
nature of this compofition ; for as the common powder 
aifts every way equal, and makes the greateft noife when 
confined, this, on the contrary, afts only downwards, 
and makes the llrongeft report when not confined. 

There is another fort of fulminating powder, called 
fulminans aurum, on account of there being gold mixed 
in its compofition, which is done by a chemical prepa- 
ration ; but as the preparing of the ingredients requires a 
tedious and expenfive procefs, I fhall omit the method of 
doing it, and let thofe who chufe to make chemical ex- 
periments refer to authors on that fubjeft, by whom 
they will find the manner of making it. It is faid one 
grain of fulminans aurum, when made to perfedion, 
And held on the point of a knife, over a candle, will 
make a report louder than a mufket. 



Sect. IL — ^ — Spur-Fire. 

a*^HIS fire is the moft beautiful and curious of any 
yet known, and was invented by the Chinefe, but 
now is in greater perfection in England than in China. 
As it requires great trouble to make it to perfedion, it 
will be neceflfary that beginners Ihould have full inftruc* 
tions ; therefore care Ihould be taken that all the ingre- 
dients are of the beft, that the lamp-black is not damp 
and clodded, that the faltpetre and brimftone arc tho- 
roughly refined. This compofition is generally rammed 
in I or 2 ounce cafes, about c or 6 inches long, but not 
drove very hard ; and the cales muft have their concave 
ftroke ftruck very fmooth, and the choak or vent not 
quite fo large as the ufual proportion ; this charge, when 
driven and kept a fe^ months, will be much better than 

whcil 
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when rammed, but will not fpoil, if kept dry, in many 
years. 

As the beauty of this composition cannot be feen at 
(o great a diftance as brilliant fire, it has a better efFed: 
in a room than in the open air, and may be fired in a 
chamber without any danger : it is of fo innocent a nature^ 
that, though with an improper phrafe, it may be called 
a cold fire ^ and fo extraordinary is the fire produced from 
this compofition, that, if well made, the (parks will not 
burn a handkerchief, when held in the midft of them ; 
you may hold them in your hand while burning, with as 
much fafety as a candle ; and if you put your hand within 
a foot of the mouth of the cafe, you will feel the fparks 
like drops of rain. When any of thefe fpur^fires are 
iired fingly, they are called artificial flower pots ; but 
fome of them placed round a tranfparent pyramid of 
paper, and fired in a large room, make a very pretty 
appearance. 

Compoiition for the Spur-fire. 

Saltpetre 41b. 8 oz. fulphur i lb. and lamp-black i Ibt 
8 oz. 

Or, faltpetre i lb. fulphur fib. and lamp-black 4 quarts. 

The fpur-fire compofition being very difficult to mix, 
and the manner of doing it quite different from any other, 
I fhall here treat of it feparately ; for example, the falt- 
petre and the brimftone muft be firft fifted together, and 
then put into a marble mortar, and the lamp-black with 
them, which you work down by degrees, with a wooden 
peflle, till all the ingredients appear of one colour, which 
will be fomething grcyifti, but very near black ; then 
drive a little into a cafe for trial, and fire it in a dark 
place ; and if the fparks, which are called flars, or pinks, 
come out in cluflers, and afterwards fpread well without 
any other fparks, it is a fign of its being good, otherwifc 
not; for if any droflTy fparks appear, and the flars not 
full, it is then not mixed enough ; but if the pinks are 

very 
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very fmall, and foon break, it is a fign that you have 
rubbed it too much. 

N. B. This mixture, when rubbed too much, will be 
too fierce, and hardly fhew any ftars j and, on the con* 
trary, when not mixed enough, will be too weak, and 
throw out an obfcure fmoke, and lumps of drofs, with- 
out any ftars. The reafon of this charge being called 
the fpur-fire, is becaufe the fparks it yields have a great 
refemblance to the rowel of a fpur, from whence it take$ 
its name, 

Charaders to the Ingredients ufed io 

Fireworks. 



Meal p T> A S " 
Corned 8 Po^d^^ , 



^fm 



a 

Saltpetre ■ ■ «»■ , , , , q 

Brimftone ■ '■ — ^-p,,^..^ 2 

Crude Sulphur — ■ ■ .. ■' C Z 

Charcoal ■ '■ * ■ -* . . .■ C + 

Sea tpal ■■ ■■ ■ ■ ■> ■ ■ ■ ■ ■ . » .■.., ■■■ C S 

Saw-duft or Beech -rafpings ■■ ' " > > ■ ■' ■ »■ B R 

Steel or Iron filings — ' -^ •,-— S X ' 

Brafs ^ C — <i^ — — -— B X 

Glafs > duft < *-—- ^ — • •— — G X 

Tanners j (J of Baric — — ^ ■ T X 

Caft Iron — ■ ■ ' ■ - — ~ CI 

Antimony Crude » . ' ■ ' ■■■■ > -j .. .. Q A 

Camphor > 1 . ■■ ■ « ■ ■ ■ i ^ - .i , ,,,. ^ 

Yellow Amber » ^ . ■ - ■■■■■,.. ,m , „ ^ y 

Lapis Calaminaris ■ ■■ .. ^ L S 

Gum ■ ' '■■ ■■ I ' " 9 » ■' » . -. 

Lamp Black ^ ■ ^ ,,,, g j^ 

Jfing Glafs — — ,^-* ■ „.. p, Q I 

Spirit 1 Qf f Wine — • ••— , y/ 

Spirits 3 | Turpentine — S T 

Oil of Spike -~^ — — ....,,««, .,„ ,.,, pQ 

Their 
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Their ufp is, that by them the receipts may be con- 
trafted, fo that they may be contained in a leaf of a 
pocket book, which is much lefs than any table ihat 
has yet been invented. And they are convenient for 
travellers.. 

To meal Gun-powder, Brimstone, and 

Charcoal. 

There have been many methods ufed to grind thefc 
ingredients to a powder for fireworks, fuch as large mor- 
tars and peftles, made of ebony, and other hard wood ; 
and horizontal mills with brafs barrels ; but none have 
proved fo efFe<5tual and fpeedy as the laft invention, that 
of the mealing table, reprefented in Plate I. Fig, 1. made 
of elm, with a rim round its edge, 4 or 5 inches high ; 
and at the narrow end. A, is a Aider, that runs in a 
groove and forms part of the rim ; fo that when you have 
taken out of the table, as much powder as you can, 
with the copper ihovel Fig. 2. fweep all clean out at the 
flider A. When you are going to meal a quantity of 
powder, obferve not to put too much in the table at once ; 
but when you have put in a good proportion, take the 
muller. Fig, 3. and rub it till all the grains are broke ; 
then fearce it, in a lawn ficve that has a receiver and top 
to it ; and that which does not pafs through the fieve, 
return again to the table and grind it, till you have brought 
it all fine enough to go through the fieve* Brimftone 
and charcoal are ground in the fame manner, only the 
muller muft be made of ebony ; for thefe ingredients, 
being harder than powder, would ftick in the grain of 
elm, and be difficult to grind ; as brimftone is apt to 
ftick and clod to the table, it will be be ft to keep one 
for that purpofe, by which means you will always have 
your brimftone clean and weJl ground. 



To 
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To prepare XJAST-fRON for GQThe$., W])iite 
' Fountains, and Chuiele HiECr. i . ;>( . 

Caft-frbtf Being of fo fcard^^Thitbl-e; fis*'hotfa''b^ 
by a file, we jire obliged to rejluce it iQto grains, though 
fomcwhat ds^xfiWtb^ p«tfortrfJ> biit-if- ^ ^nfider what 
beaatift»l|pwJcp, Aiff fort t)£,if9Btij{ieW»» fiQ.pgiiisiftMild 
be (pared to granulate fucj^j^^jefl^jilil |BiiMeriid# jtikada 
which, getatan iron foundry ifomethin pieces of iron, fuch 
as generally r^p^<>;^ the r[\Gfdl4%A\ti^e tiibe of calling : 
then.^a\;e a Tqpajre bldcK macfe or pattiron, aijd,^n if on 
ft|\Xta^'hiiniifito havtrfig ijovared 

rh6 Hoor wit* cloth, or fomeHmig to 'cktch the ratings, 
lay the thin pieces of iron otf the bfock, attdlieitlK^ift 
with the hamro.er, till rcjl^ced 4nto fmall grains, which 
afterwards fearce wth ar vefy ^e'^Seve,' to feparate the 
fipt:ciuft, ^feich h fonjetin?^ ,Vifed ;in fma'H c^e$/^18Hl- 
liant fire, inftead of fteel duft •, and when you have got 

^t aU tike dflft, .*ft wfi^t-req^ins^vith.a^^jaKiijB^ 
larger, and fo on with-fieves <jf different fizes, till nie iron 
pa&s through aboitt the bighHV'bf ftirall bird fhot : your 
iron thus beat and fiftod, ptit ^h fort into w<3^Hl#ti b^es 
or oiled paper, to keep k from^ rufting. Wiiietf ^oii ufe 
it, obferve the difference of its fize, in proportiGWti^A^ 
cafes for which the charge is intended ; for the coarfe 
fort is only defigD^d for rer^ Jprge g^rbes, pf ^)6|8 lb. 

Charges for Sky-Bfackets, &c. 



Rockets of Four Ouaces.: ' 






Mealed powder Ub**4 6zi :&fipetre4 0X, and char- 

COal.2 QZ. 
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Rockets of Eight Ounces* 

" V Mealfed powdd: i lb\ faltpetre 4 qz. bfiinilone ^3 62. 



f • I * i • ■ rfk 



and charcoal i-oz. and-i*-' 
II. N^eal ppwder 1 lb. and f, and charcoals oz. and I'. 

Rpckets oi, One Poy i%d* ... 

Meal powder 2 lb. faltpetre S di. bnmftohcf^cle. chJEir* 
coal a o£. and jfteeliUings i oz. and |« 

Sky Rockett ia geheraL' 

i. Saltpetre 4lb.brrt^p[(bne.ilb«.andch^^ illxi- 
IL. Saltpetre 4lb^ brjunfione ilb.}.^ ckarcoal tlh^ 
X 2 oz. and meal powder 2 oz. 

■ . ■ ' . ■ ■ 

Large Sky Rockets. 

: SaltpeOre 4 lb. meal poMeder i lb. and brimftone i lb.. 

Compositions to be ufed in Rockets of 

a middling £ze.: 

, I. Saltpetre S lb. fulphur 3 lb, meal powder 3 lb« 

IL. Saltpetre 3 lb. fulphur 2 lb. meal powder i lb. ckar* 
coal lib. 



.%■ ' 
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Gompofitiohs for Rocket Stars; 

White Stars. 

Meal powder 4 oz. faltpetre 1 2 oz. fulphur vivum 
6 oz. oil of fpike 2 oz. and camphor 5 oz. 

Blue Stars. 

Meal powder 8 oz. falpetre 4, fulphur 2, fpirits of 
ifvine 2y and oil of fpike 2. 

Coloured 



I 
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Meal powder 8 drams, rochpetre 4 oz« fulpfaur vivum 
2, and camphor 2. ..l. i' ^y-ii'^i 

Brilliant gt^iv ', '^St.-^::, 

Sdt^etns .iguf/afe .iulph»r. >; /i>; ;<|ii4 ' nwi. ;l!2y4ff^i» 
wked up )wnb:fpirits(o£/iirlM)AQlyv ! : . . -iisH .]II 

Common Stars. . ' <> 



■ I ' . 



Saltpetre i lb. brimftope 4^ oz. antimony 4 1, ifinglafs |, 
amphor i, and fpiirhs 6f ^e '^^^' ' ' 

TaOed Stars. ' ■ . o 

Meal powder ^'62. brimffonc 2, faltjfctre'ii aftdchar- 






r Drove Stars. . 



• »- 



mony3. 

• 'JL fSakpftre' ilb^ zvAmMy 4'oz. and fulphur 9. ^ 

Fixed Pomted Stars.' .,;, ;. 

* JBaltpctteS foZiTulphurj^- antimony lozVtO'A-. 

.... ^.^Sftars.ofa Pipe Colour. . . ., 

Sulphur I oz. meal powd.er i,^ faltpctrei, camphor 
4 dr. oil of turpentine 4 dr/ - / ' * ' 

t^ld^RainT fbr-Sky Rockets. ■ 

'- l/Sakpctre.iIb^ meal powder .4 oz;. fulphnf 4, 'brafs 

dufti;&toii;'an<Qfir9-duftrar. ' , , 

,^ JI. M«^-iiowd9r' I a.pz., feltp^we ? , charcoal 4» ' ;■ ^ 
./I 



. ■ . ,• I I . I 



■■■■■•■ T . 1 . 

■•*••* 1 • 

Silver RaitL 

L Ssilfpetre 4 oz. iulpiiyr, mctl powder, 1 
mcmj^ ot each 2 o^ <il pnmdlz | oad 
]}/ SMp^ Ilk feraiiftoiie t oil jBi-drnDOil '4i, 
IIL Saltpetre 1 Ik trio n io tte jlbu Mtaiwy tf 
IV. Saltpetre 4 ox« brimftonc i, fowdtr 2, 



•• I .■ 



L Meal powder 61b. ialtoetre 4^. brimfloiie 3, div> 

eoai 5* • 

If* Saltpve^c lib. brimfioac 4i oz, charcoal 6.. 

lit. Saltpetre lib. "brimdcMie 4 o& charcoal izdz: 

IV. Saltpetre 4lb« brimftone i lb. 8 o& diarcoal iik 
12 oz. . ,:» . -r 

V« Brimflone alb. laltpetre 4IK and meal powder 4. 
'VI. Kkll^tre tH). A)fil (powder 4<iii. hlMBdaokii^ 
charcoal 2. ■•;: 

VIK MM* powiier lib. fUtpecre 3^ lirimflqie i.fta- 
coal t 02. charcoal B,i^ (aw. duft, i> ^el duft i» and 
coarfe charcoal | <>t« ■ * * * . ' « 

YilU Meal powder i ilb. dedtpctrc j, iulph\vr 1 it 
charcoal 1 2 oz« faw duft 1. 

Sinking yi\\s^Tgfi%r Water kockets^ 

Meal poXvder 8 oi. ^charcoal { oau ' 



*■» ^ »\.- 



Wheel Galea from 2 oZb-to 4-lb* 

. L Meal powder alb. fakpetre 4 oz. iron fiUogs 7. 
XL Meal powder alb. &ltpetre li cm fifl(&ur 4, fted 

duft 3, . ;* 

lill. Meal {yowder 41b. Mpetre ilK biimfidot l^oz« 
charcoal 4 I. 



FIREWQHK& 
IV. Meal powder 6 oz.Ialtpcire 4, faw duft ^, lea- 



■voal i 



,,V. Meal 1: 



lib. 



Iltpctre 8 oz. glafs duft 2^. , 1 . .,, , ,((^ 

chgrcoftl i»f3svdufti.ll 

VII. Saltpetre ilb. 9 oz. brimftone 40Z. cha/coa^*;}, 

VIII. Meal powder 2lb. faltpc^re i, brimftone i, and 
^feacoal 1 oz, 

IX. Saltpetre 2lb. brimftone i, meal poWi^er 4^; and 
jlafs duft 40Z. ■' - ' "' ' 

X. Meal powder ilb. faltiJetre 2 oz. and fteel duft jf. 

XI. Meal powder 2lb. and iteel duft 2 4 oz. with 
|:Si ofthe fin&duft of beat utoti. . ■' ' •■,■)'; I .N'. 

XII. Saltpetre ilb. 1 3 oz. brimftone $ oz. and char- 
16, ., _.,.;■■; 



Fire fdif^ Wlieels, 



r.iz?. 

I. Saltpetre 40Z. brimftone z, and meal powder i h 
,11. Saltpetre 4/.bz. brtmftoae i, and aatuaonfx oz. 
F6'dr. ■ . ,,^_ 

III. Saltpetre 4 i oz. brimftone i oz. and mealed 

powderii. ■;,.,,, ^^,.,- 



Dead Fire for" Whedk." 



1 :*'.'. 



I. Saltpetre 1 | oz. brltnl^one ^, la^is-calaminaris |, 
and antimony 2 tir. " . ,, 

^^ ^^^^^ .^janding or fixed CafeST?°Ji';i"'' 

'I. Mea} powder 41b. falcpe^Te:!, brimftone aaS'bBtf- 

coal I. ■ ^ ■■ - I "',■-' "^il! 

II. MeaJ powder 2lb. faJtiJCtrc i» and fteelduft-S.oa, 

III. Meal powder ilb, 4 oz. and charcoal 4 G^mi' . 

IV. Meal powder ilb. and fteel duft 4 oz. 

V. Meal powder z {lb- l^funftooe/}. oz. and fea coal 6. 
_ yi-. Me,^ .^ik4^. 3 J^-,^^rco^^.5^^j,gjBd|few 



ARTIFICIAL 

Sun Cafes. 

■ ■ t iM«l p»»aer 8 jib. faltpette lib. i oz.; ttAa^.a 
alb. loioz. bri[nftone4. . ' ' ^ ' '' 

II. Meal powder 31b. faltpetre 6 dfc. and, ft« 



dntt 7i. 



•A Brilliant Fire. 



I' \ IV 



'diiflf' 



Mealpowdcr lalb. falrpccre i, brimftone 40Z. I 



;tr" 



.Getbes. 



Mea] powder 61b. and beat iron zlb> 1 1 6z. 

-.tri^hri;-; ■''■''■'. 

Chinefe Fire. 
Saltpetre 12 pz. mealpowdcr zlb. brintSone Ub, 2 oz. 
and beat iron 12 oz. ; :; .. i.- 

Charge for Four-ounce Tourbilldn^ 

Mealpowdcr zlb. 4 oz. and charcoal 4 foz. 

Eight-ounce Tourbillons. ' ■''■'""' 

Meal pow^^ zlb. ^nd char{:Dai 4i,9^ 

.1 m«n:n„:rrj-. Large Toiirbilloris.' ^^**"'.'*;' 'J ^^ 
Meal powder 2 lb. faltpetre i, brimitone 8 oz. and 

beat iron 8. ,1 

N. B. Tourblilohs may be made' vc'r)' large, and 

of different colour'd fireiionly you are to pbferve, that 

the larger they are, the weaker muft be the charge; 

and, on the contrary, the' fmaller, the fironger their 

chaiBR.^ :„...,.., 

.S.J.i. ft ■■.!-./■ ■..-..: ... -■..■. -if .VI 

.bisorjMiboK.'j wraterB&U66ns. .,;';■ ■;'" 

' ' I. 'S^tjiltrc+Ib. brimftone 2, meal powder z',' anti- 
mony 4 02. faw dull 4, a»d elafs duft i i. 

ir. 



J 



F f ft^g WORKS^ fg 

IL Saltpetre 9 lb. br'unfion^ 3 1^. meal powder 6 lb« 
rofin 1 1 oz. and -afeiti Aidny- i Ot» ' 

Water Squibs. 

VMea ^pov¥iert lb. tmd'diwto*!' ilb.' 

IL Meal powder i lb. and charcoal 9 ozi " '^ ■'- 1 " ■<) 



I r 






•Miiic Ports 6t Srt-pcntSf --^ 

IL Meal powder 9 oz. charcoal i oz. ,\ , z hr:, 

Pprt-fires f^ MAg^tCwkttiy &c. 

•1. i SaltpetrA'^i t oSu brimft(»ir "f^'oz* afaid nb^ JiSwder 

1 oz. • '" "^ '-'i « Hob /kP; Ir.r .so L* .d'r 

IIL Saltpetre i lb. 1 oz. meal powder 1 1 lb. and 

brimftone 10 oz. This compoiition mull be moiftened 

with one gUl ^rHuftdb bti.. ; \Y v/oiS / 
IV M*^,j^fir^ ^;Oz..^ltj^tr?:jalb. jt.oz, and 

bjianftone ,19 q;i^,. ,,r. .;.:,,. [..^ ^^ ^ ' .,. _ ^- ; ' .: 
V. Saltp^^re'ztb. 4. oz. meil jOp^dck 4 W'bHmfEone 

3^ [^f«PW=^^: V^.'#°^)?.f*frt f^.-mf^; 

Fort-nres for iiruminawmsu, .,,,„- 

Saltpetre i lb. brimjAQse 8 oz. and meal powder 6 oz. 

SaltpetK I fn£^'lifteMie^^o^.''iWekTptK(^^ 
and glafs duft 14 oj. 

'Sak^ittr«^6^M. 4fiiidflcme:aslil^UAndiiu^y.4vOA.;il«4 
-camphor 2 oz. 



>>'-.,: "^.\ ; » 



Air 



*j^p .-AJl T M^rc I A L 

..il^ rh-7r.'- '■ ■ ■ 

Air Balloon Fuzes.,,.,, .. mi;,,,. 

I. Saltpetre i lb. Jp oz. brimftope 8 ob. and meal 
powder lib. 6 oz, 'i- ■ -'.':-'■' , 

II. Saltpetre l,*i Ifc.. briffi^f Sp?. ifflii^.n^.^afv- 
denlb.Sot. .: .■,,■.■:.■.: i ...: .vc^f'. ./,' ; 

Serpents, for Pots des Br?ps. 

Meal powder i\h.%i^, &Upeirr -ii^nvh 4nA^I^^ 

coal 2 oz. ■ ■ 1 ' : -, I ■ .- 'J y fitiv/c-jl.;:/: Ul 

- t'Sa|tpette 51b.. brjinflon^ ilbi PMalp9>v^i^J.lb. 
and giafs dull i !b, 

r.Iijj.Sfltpetie:5lb..8 oz^ brimftQ0?.-8Jl3.-;IBS?l'.po^« 
lib. 8 02. and glafs dyft-i lb. 8 oz. wj t 

/fn^ .'i;: ,-...-. - , ; ; ,.. , ,. ; ;7i 

L'jfisflio/d _ :*..,■::■ . , . ., - ■.;' , , . - .,( 

A Slow White Elaftiev • '\:. 

^'Tf: S^t^etrelIb;-fLi!iihbr5lb. antli^dhy'ilb. ,'■' 
, 11, Saltpetre3 i lb. /iilphur i ^Ib. m'e'^I pbu'dtt 'iJfcV 
antimony f'lb. glafs duft + oi. 'brafs diift'roiii. ' ■ 

N.Bi Thefe compofitions, driyeti i| irichi'iiaiozt 
cafe,' will burn 1 fniniite, which' is much Ismger tfme 
than an equal quantity. ,of any xompofitioH, - yet' 
JcnowD, wUllaftf'-""-'"^'"'' ■■^■' --u-*"iO': 
Aj d loiiwffti .'1: .71 bac .s> y- floiLnhtl .d[ i 5 j^tpIeS 
^ Amber Lignts. 

Meal powder^' or; ani&eB 3 oz"; ^TKii-^harge may 
t>c dtovc in (mail cafes, for illuraiiiatiof^s-. , ..j -.[j.3 

Lights of another Kind. 

Saltpetre 3 lb." fcrfrnftone 1 lb ■ 'tncw powder rib. 
ariftndny 10^^ dz, AH thefc muft' be mixed with the 
oil of fpifce. > 

" - A 



i 



FIREWORKS. 
A Red Fire. 



«5 



F(<s. 



Meal powder gib. charcoal 12 oz. and (aw do ft 



"A Common Fire; 



:ii.J 



K 



fJTb.lcharcbai jio pz. aiidbriiiit!6ne',2 0zr'' 
_^|) make an Artificial Earthquake. 

Mix the following ingrtdieiits to a pafle with water, 
and thi-n bury it ;n the ground, and in a few hours the 
, earth *ill break and open. in fevera! place*. The coin- 
pdiciab: Sulphtir 4 lb. and fleel duft 4lt>. 

Hayir^ laid down, urwlcr the preceding heads, the 
different compofitions iifed in fireworks by, our' modern 
artiftsl; I Ihall, in the next place, give forae ables of 
charges that wfere formerly ufed^ according, to the 
feveral accounts' given by [hofc autl^OTs from whom they 
are collefted ; butif the reader wjU canfider, he will 
find the charges in thefe ijablcs to be very uncertain, by 
comparing their method' of determining the fize and 
■weight of rockers, and the proportions, of ingredients 
tlieretti, with the me.thod taught in this work, which 
is ib [Jain, eafy, and ccftain, th:.tV never yet kaew it 
fail-; and doubt not, but that ic wiillbe fo alldwed by 
all wliDchui'e to make the trial. 

Th* (ubfequent cable is taken from Slemienowicz, 
wherein are fpecified the different charges of iky rockets, 
. from I oz. CO 100 ib. -, the charges being calculated in 
proportion to the weight *f a leaden ball of the fame 
diameter as the bore of rach mould; which bores arc 
divided into inches and lines,* an- 1 each line into 1 2 = 
LpaftSjj according CO the French method. 



f A-1ine is the lath part of an Inch. 



TAB. I. 
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Charges for Rockets, &c. 



Bair« 
weight. 

Ib> oz. 



3 

4 

I 
i 



*):'■ 



*f 



n lO 
"- II 

i6 

''±' b 

1,3 o 

5 



Moulds 



Pow- 



m.;L(3tB* I :b. oz. >*16.O0. 



«7 

20 

27 

40 

60 

soo 



o 
o 

o 

o 

6' 

o 

Q; 

o 

o 

o 

o 

o 

o 



1 1 



o 6 
o 
. o '9 

o ^f 

X o 

I 

I 

X 

X 

I 

X 

I 
X 

. 1 -^6 5 

t o 



petre. 



O ' o 
. 2 



Briip.- i .Cbar^ 



I 0/ 

a 7 
3 4 

3 »i 

4 5S 

5 



3 



o It 



/.i 



a 



* i^r 



}} 



I 

o o 



o 
o 



I • t 

O I 



■ - ■ ■ 

O 



7< 



' 8 o 
60 o 

I I • 

'6i 



' '-e-': 






O O' 22' 

•• "IF ••!..■ 

& o f..64 -o 



3 7.»«>l 

3 " 4 J 

■ *-:.«.■ 5?; 

4 O O I I 

4 II 6| • -' ••• ^ 

5 5 i( 
' 2 3J ,0 ^,, 




.'8 L'o- 16 



9 :%r 
8 b 






o 
o 



o o 



7 5 '3 



k ■ VI 



30 o 



12 -o- 

4 • 

7 o 

XQ O 



i6 o 

■ ■ I 

• ■ 4\> .» ■ 

't4 o 



x8 o 
I 20 a 

TAB. 
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RocWet, 8cc; Charges. V 


From s late French author*, who regulated his fl 


charges according to the interior dianftter of 9 


the mould, divided imo lines. - J 




Rocket's 
VCclght. 


Saltpe- 
tre. 


Brim- 
Pone. 


^^^H 

^^^H 


Lines. 


lb. oz. dr. 


ounces. 


ounces. 


ounces. ' T 




9 .:0 

O I 


1' 

1 


1 


■g__ 1 
-4 


.1 


r * 


I 


5 


■ \ 


I 


' 


^m 


10 


o 2 


= > ■3°'. 


.4 




^H 


1 '* 


o 3 


°i 







^1 


' 12 


o 3 


71 








'■j' 


o + 


6> -38 


'+! 1 


^1 


H 


,o .6 


'J. . 


"-' 1 


^H 


• .'1 


P 7 
1° 9 


*1 ■ 

ii 36 


^ 1 


■^ ■ 


\;i 




4> 34 

■ ; 


[ 

i ^ 


« ■ 


>9 


° "5 


^1 


■ 


21 


J 7 


r ' 






^'J* 


•, (5 


' 3^' 


5 


^1 


30 


+ p"! 






3« 


6 9 oV 30 


6 


^1 


7» liS S oj 






• Tiuti ik> ftui d'artlScc, pv M. F-». ^^^| 
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y ■ y -i 



. -i-r- 



I t> : ;:; rr n** 



« r^ 1 



« K Y-R O C K E T & 



«f. * 



The ^barges adapted to tthe weigl|^t of compq- 
Atipn ' in each,'- afier lian^^d^r ibcid^ ' 



1 ■: -t 



ftortei ' 



lb. Qz; 




"Xhir- 



coal- 
lb;oz« 

TT 



I . i 



9 4 

o 3i 

6" » 

II 

la. o 



t . * *. 
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'^l 


TAB. IV. 


^H 


From Henrion, whofe method is as in the pre- 


^^^1 


ceding. 


n^^H 


C..PJ8. 


Powder 


Saltpe- 


Brim- 


Clnr- 


~^^^H 


tioii Wi- 




tre. 


ftone. 


coal. 


^^1 


Ib. oz. 


lb. oz. 


lb. oz. 


lb. oz. 


lb, oz. 


^H 


1 

2 


I a 






O 2 


-^H 


OTf 


I o 


I o 




tt '',-..,1 


^^^^H 


3 


, 4i 


I . 




d .1 ' 


^« 


t 


4 o 


1 


} 


<* *'„. 


■ 




I 8 


o 4 




O' ,,1 .^„-, 


fl 


or, 


1 o 


O 4 




o -1. ,-"'. 


ifl 




3 i 


O 10 




O' :..3ff!- ."; 


^1 




r ' 


f O 2 

C O 2 J 


■ o S 


^ 


12 

■5 


IJ o 

1 


o 4 
o 9 


1 ° 3i 


o 7 

■ 01 J' .' 


i^^^^^M 


r 3 

ifedduil 
l o 3 


1 


1 -o 


o oi.l.o J ■ o } 
Olio ' -, ° 3 ,,, 

8 -^ rfcci duft r 2 a 

L o' 2 . 


-^^^^^M 


2 


O 2 


^^^^^H 


3 o 


O O 


^^H 


lO o 


^^^H 


■ , '» .-fwl 


fj^^^^H 


! ^M'? 


-^^^^1 




Tj^^^^l 
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-'71 M .' : 

1" A. B. V, ■ 

Charges for Sky- Rockets, « 

FrontM. dt Saiot Re|ny^ improved by M. F***. 

'- Compolitiai For a Roclwt of 
«Ib."_f ■ Jit. I ijll. I 408. I J _J 01. 

■ , ■ 

i cm. 5 dr. 

8 or 9 
I or » 



ByM. 
F«", lib. 


' ; CO 
II oz. 


R R E C T 

7!oz. 

lb. oz. 

■ 4 

12 

3 

2 


E D 1 

i 

6oz. Jdr. 


lb. Oi. 

Pow. 2 O 
Saltp. I o 
Btimft. c 
Chare. 4 
Sted-d..: 


Jb. 02. 

I o 
12 

a 


oz. 

5 i 

r ' 
1 
J ■ 



9 Jin. I 
lin.jl. I 



Mould Height, in Inches. 

8 f I 7 i ! 7; 

Diameter, in Inchoi and LinCA 



I ^-i J 



5 1 > 3 



2 I g Unt 



French Names for Sky Rockets. / 

,.|F 
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Remarks on the foregoing Tablesi 



3» 



In the firft, we find that the compofitions for all rock- 
ets under ilb. are made chiefly of gunpowder and 
charcoal, which method has been long proved erroneous 
in many refpefts; firrt, that rockets made with fucK 
charges will not keep long without fpoiling ; fecondlyv 
that they are very uncertain in performing their proper, 
effe(5t ; thirdly, they will carry but a Ihort tail, with a 
black and fmraky Hre. , 

We alfo find ihofe charges for rockets above i Ibq 
that arc compofcd of faltpetre, brlmftone, and charcoal^ 
to be too ftrong ; by which wc ihould imagine that, ac 
the time when they were ufed, the piercers did not beat ■ 
the fame proportion to the rockets, as thofe ufed byi ; 
ourprefent artiltsi as it is on the fize of the cavity iu '^ 
the compofition, that the effect of the rocket and i>ro» * 
portion of the charge depends : which I Ihall endeavoui; 
to fliew hereafter. 

Table 11. is given, by the author, as an improvement 
on the firll; wherein he takes notice of the chargesi 
being too many in number', he has therefore reduced- j 
them to 7, which, according to his opinion, ar^ 
fufficient for rockets of any fize; he alfo obfer^cs, thai; ' 
the ingredients are exprefled in unequal quantities^! ' 
which he has likewile laid down in a more rcgul^ 
order. By the fame author's account, rockets were 
made in France, not many years fingc, with the comj- ' 
pofitions mentioned in his table. I'fliall not here pre- 
tend to fay, that rockets were not made with the charges 
given in the faid table; yet' can affirm, by exjwrienc^i 
that feveral of them will not agree with our prefcnt ' 
moulds. ■ ■■■ ■ I 

As to the method prefcrlbed in tables III. and IV. it i« 
difficult to determine whetlier we fliall praife or condemn 
ihecn, as they were wrote when the art of making tire- 
works was in its infancy; as may be feen by their 



ftrange method of dttt^rmining tUc proporcion crfiftgiW- 

: -nr.h L.':r ,'JnV, J: *.( r; -.til .i^jfej^ 
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dients, and *eight of rockets, by the quantity < 
pofition containtfcl in each caie; whicli muft have 
required a very nice calculation ; for at that time they 
had not fixed upon an exaft length for rockets, but 
made them from 6 to 9 diameters long: all which dif- 
fer fo much from our modern practice, that 1 never 
thought it worth the trouble of making a trial; but am 
of opinion, that very few of the charges will anfwer. 

In the fifth Table, the compofirionsare in proportion 
to the weight of the rocket, with its head and ftick, alt 
complete ; which head and ftick are equal to the weight 
of the rocket, according to the improvement made by 
M. F***, as in the fecond column from the top : he has 
alfo added the diameters to the moulds, in proportion 
to tlieir height, allowing each 6 diameters, which fup- 
pofing to be right, the rockets will be nearly reduced to 
i their weight given in the firft column. On the 
charge* in this table I have made no experiment, there- 
fore cannot recommend them as proof. 

Having given a variety of c ..ges for Iky-rockets, in 
the precedmg tables, whicii are coUefted fi-om the 
principal authors on this fulyeifi:, together with remarks, 
1 fliall, in the next place, according to my promife of 
not omitting any thing that may be of fervice to the 
reader, add fome compofitions for rocket-ftars of feveral 
colours, as infrrted by former authors, 

Compofitions for Stars of different Colours: 

, I. Meal powder 4 oz. faltpetre 2 oz. brimftone 20Z. 
Heel dull I ^oz. and camphor, white amber, antimony, 
and mercury-fublimatc, of eich J oz. 

II. Kochepetre looz. brimftone, charcoal, antimony, 
meal powder, and camphor, of each ^ oz. moiftened 
iwith chI of turpentine. Thefe compofitions are made 
into (la rs, by being worked to a pafte with aqua vittr, 
in which has been diflblved fome gum -tragacanth ; and 
after you have rolled them in powder, make a hole 
through the middle of each, and ftring them on quick- 
match, leaving about 2 inches between each. 

Ill 
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HI. Saltpetre 8 oz. brmiAone 2 ox. yellow anibei i oz. 
antimony i oz. nail powder _, oi. 

IV. Brimftone 2 J oz. faitpetre 6 oz. olibaniim or 
franklncenfe in drops 4 oz. ; maftick^ and metcury- 
fubiimate, of each 4 oz. meal powder 5 oz. white 
amber, yellow amber, and camphcir, of each 1 oz. 
anriniony and orpimcn: } oz. e.ch. 

V. SaUiietre i lb. brimrtone {lb. and meal po^vder 
S oz. moiftened with potrolio-oii. 

VI. Po«-dcr i lb. brimftone and (iilriTCtre, of each 
4 oz. 

VII. Saltpetre 40Z. brimftone 2 oz. and meal pow- 
der t oz. 

^ Stars that carry Tails of Sparks. 
1. Brimftone 6 oz. antimony crude 2 oz. falrpctre 
4 oz. and rofin + oz 

II. Saltpetre, rofin, and charcoal, of -each 2 oz. 
brimftone ■ oz. and pitch 1 oz. 

Thefe compofitiotis arefometimcs melted in an earthen 
pan, and mixed with cho]>ped cotton-match, before 
.ihcy are rolled into fiars, but will do as well if wetted, 
ftui woiked up in the ufual manner. 

Stars that yield iome Ppaiks. 

I. Camphor 2 oz. faltjietre i oz meal powdT t oz. 

II. Saltpetre i oz ditto melted |oz, and camphor 
i oz. H hen you would make liars ot either of thcfs 
compofitions, you muft wet them with gum wa'er, pr 
ipirit of wine, in which has becii dilfoWed fome gum- 
arabick, or gum-tragacanth, that the whole may have ■ 
the coofiftence of a pretty thick, liquid ; having thus 
done, take 1 oz. nflinr, and ftlr it about in the com- 
pofition till it becomes dry enough to roll into liars. 

Stars of a yellowifli Colour. 

Take 4- oz. of p-iim-traeicanth or gum -2 ra hick, 
pouiuled and fifted tbroi-.^jh afiae fieve, camphor diflblved 
D in 




i 



3* 



ARTIFICIAL 



n brandy 2 oz. faltpetre 1 lb. fulphur I lb. coarfe ijonv- 
der of glafs 4 oz. white amber i { oz. orpiment 2 oz. 
Being well incorporated, make thtm into flats after the 
common method. 

Stars of another Kind. 

Take 1 lb. of camphor, and melt it in a pint of fpirit 
of wine over a flow fire ; then add lo it 1 lb. of giim- 
arabick that has been diflblved -, with this liquor mix ilb. 
o^ falipetre, 6 oz. of fulphur, and 5 oz, cf meal pow- 
der ; and after you have ftirred them well together, roll 
them intoflars proportionable to the rockets for which 
you intend them. J 

Colours produced by the different Corn- 1 
liitions. 



poiit 



As variety of fires adds greatly to a collection of works, 
it is neceffary that every artift fiiould know the different 
effet^ of each ingredient; for which reafon, I fliall 
here explain the colours they produce of themfelves; 
and likewife how to make them retain the fame when 
mixed with other bodies: as for example, fulphur gives 
a blue, camphor a white or pale colour, fakpetre a. 
clear white, yellow amber a colour inclining to yellow, 
fal-armoniac a green, antimony a reddifli, rofin a cop- 
per colour, and greek-pitch a kind of bronze or be- 
tween red and yellow. AU thefe ingredients are fuch 
as Ihew themfelves In a flame, viz. 

White Flame. 

Saltpetre, fulphur, meal powder, and camphor; the 
fsltpeire muft be the chief part. 

Blue Flame. 

Meal powder, faltpetre, and fulphur vivura ; fulphur 
muft be "the" chief: or, meal powdef, faltpetre, brim- 
"■'-'■■■' -■ ■■".-- - ■_ --■■■. ftone^ 
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llone, fpirit of wine, and oil of fpikc ; but let the pow- 
der be the principal part. 

Flame inclining to Red. 

Saltpetre, fulphur, antimony, and greck-pitch; falt- 
pctre the chief. "^'^'^^ 

By the above method may be made various colours of 
firei as the pradtitioncr pleafes ; for, by making a few 
trials, he may caufc any ingredieilc to be prcdominan 
in colour. 

Ingredients that iKew in Sjparks when 
rammed in choakcd Cafes. 

The fet colours of fire produced by fparks are divided 
into 4 forts, viz. the black, white, grey, and red : the 
black charges are comi)ofed of 2 ingredients, which arc 
meal powder and charcoal; the white of j, viz. 
faltpecre, fulphur, and charcoal-, the grey of 4, vR. 
meal powder, faltpetre, brimftone, and charcoal ; and 
die red of 3, viz. meal powder^ charcoal, and faw 
duft. 

There, are, befides thefe 4 regular or fet charges, 
a others, which are diftinguilhed by the names of com- 
pound and brilliant charges ; the compound being made 
of many ingredients, fuch as meal poucer, raltpetre, 
brimllone, charcoal, faw duft, fea-coal, antimony, -lafs 
duft, brafs duft, f^eel filings, caft iron, tanncr*s duH:, 
&c. or any thing that will yield fparks ; all which muft 
be managed with difcretion. The brilliant fires arc com- 
pofed or meal p.owder, faltpetre, brimftone, and fteel 
duft; or with meal powder and ilecl filings only. 

Cotton Quick-match 

Is generally made of fuch cotron as is. piit in can- 
dles, of feveral fizes, from i to 6 threads thick, accord- 
ing to the pipes it is defigned for, which pipe muft 

D2 be 
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be lai^ enough for the match, when made, to be 
pufhed in eafily without breaking it. Hiving doubled 
the co:c(jii -.uut lis nitiny .breads as you thinli proper, 
coil it very ligiitly into j flat -bottomed cop|^r or earthen 
pan i then put in the faltp;tre and the liquor, and I 
boil them ubout io minutes ; after which coil it again J 
into another pm, as in Fig. 4. and pour on it whai 
liquor remains; then put in f>me meal po-vder, an(| 
prefs it down with your hands, till it is i^uiti; wetrt 
afterwards place the pan before the wooden frame, f'g'5^ 
which muft be liifpendcd by a po-nt in the centre of 
each end; and place yourfelf before the j)an, tying thff 
upper end of the cotton to the end of i of the fides t^'" 
the frame. 

When every thing is ready, you mull have one to 
turn the frame round, whUe you let the cotton pafs 
through your hands, holding it very lightly, and at the 
fame time keeping your hands full of the wet powder ; 

Ebut if the powder ftiould be too wet to flick to the 
cotton, put more in the pan, fo as to keep a continual 
fupply till the match is all wound up ; you may wind 
it as clofe on the frame as you pleafe, fo that it does 
not ftick together ; when the frame is full, take it off 
the points, and fift dry meal powder on both fides the 
match, till it appears quite dry: in winter the match 
will be a fortnight before it is fit for ufe ; when It 19 




fides of the frame, and tie it up in fleains for ufe. 

N. B. The match muft be wound tight on the 
franies. 

Ingredients for the Match. 

Cotton lib. 12 oz. faitpetre i lb. fpirit of wine 
I quarts, water 3 quarts, ifingtafs q gills, and meal 
powder 10 lb. To diffblve 4 oz. of ifinglafe, 
3 pints of water. 



take 
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Sect. III. — Sky-rocket Moulds. 

S the performance of rockets depends much on 
^ tbcir moulds, it is requifice to give a definition of . 
lem and their proportions; They are made and pro- 
portioned by the diameter of their orifice, which are 
cHvided into = parts : as Fig 6. reprefents a mould 
made by its diameter AB, its height from C to D is 
6 diameters and 2 thirds ; from D to E is the height of 
thefoot^ which is 1 diameter and 2 thirds j r the 
choak, or cylinder, whofe height is 1 diameter and i-jd; 
it mud be made our of the fame incce as the foot, and 
fit tight in the mould; G an iron pin that goes through 
the mould and cylinder, to keep the foot faft; H the 
nipple, which is i a diameter high, and z-jds thick, and of 
the iamc piece of meral as the [)iercer I, whofe height 
is 3 f diameters, and at the bottom is 1 3d of the diameter 
thick, and from thence ta[)eriiig to 1- 6th of the diameter : 
the beft way to fix ihe piercer in the cylinder, is to make 
that part below the ni|)ple long enough to go quite 
through the foot, and rivet it at bottom. Fig. 7. is a. 
former or roller for the cafes, whofe length, from the 
handle, is 7 i diameters, and its diameter a-jds of the 
borcAB; b'. the end of the former, which is of the 
lame thickncfs, and 1 diameter and z-gds long; the fmall 
part, which fits into the hole in the end of the roller 
when the cafe is pinching, is i 6th and J of the mould's 
diameter thick. Fig. m. the firft drift, which muft be 
6 diameters from the Wndle and this as well as all 
othCT rammers mnftbe a iittle thinner than the former, 
to prevent the facking of the paper, when you are 
driving in the charge : in the end of thli rammer is a 
hole to fit over the piercer ; the line K marked on this is 
2 diameters and i-:)d from tlie handle; fo that, when you 
are filling the rocket, this line appears at top of the 
cafe J you rauft then take the 2d ramtner, 10. which 

from 
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from the handle is 4 diameters ; and the hole for the 
piercer is i { diameter long. Fig 11. is the fhort and 
folid drifi which you life when you have filled the cafe 
as high as the top of the piercer. 

Hammer? mii " have a collar of brafs at the bottom, 
to keep the wood from fpreading or fplttting; and that 
the fame proportion be given to all moulds, from i oz. 
to 61b. I mentioned nothing concerning the handles of 
the rammers ; however, if their diameter be equal to the 
bore of the niould, and z diameters long, it will be a 
very good proportion 1 but the fhorter you can life them, 
thebcttt-Tj for the longer the drift, the lefs will be the 
prelTure on the compolition, by the blow given with 
the mallet. 



Dimenfions for Rocket Moulds, in wKich 
the Rockets are ramined folid. 



■■Weight 


Ltnph of the 
moulds r.ilh. 
mil tl,.ii- feel. 


Inlfiior diameter 


Height tftlte 
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► TI« diameter of the hippie muft always be equal to 
'at of the lormer. 

I I have oinirtctl the thicknefs of the moulds, it being 
Sxy immaterial, provided they arc fubflantial ana 
ong. 

1 would not advife tlioie who make rockets for pri- 
■te atnufemenr, to ram rhem fiilid, for ic requires a 
y fkillful iiand, and an cxpenfive appararus for boring 
Wicm, which win he ihewn hercaitcr. Driving of 
"wkets foUd is the mod expeditious method, but not fo 
certain as ramming them over a piercer, which I have 
found by experience. 

Moulds for Wheel Cafes or Serpents. 

Fig. 12. reprefents a mould, in which the cafes are 
drove folid; Lthe nipple*, with a pointf at top, which, 
when the cafe is filling, ferves to (top the neck, and pre- 
vent the compoiicioii fconi falling our, which without 
this point it would do ; and, in confcqucnce, the air 
would get into the vacancy in tlie charge, and at the 
time of firing caufe the cafe to burft. Tbefe fort of 
moulds are made of any. length or diameter, according 
as the cafes are required; but the diameter of the rollers 
jnuft be etpial to half the bore, and the rammers made 
quite fulid. 

To roll Rocket and other Cafes. 

Sky-rocket cafes are -^j be made 6 | of their exterior 
diameter long, and all other cafes chat are to be filled 
in moulds muft be as long as the moulds, within half 
its interior diameter- 
Rocket cafes, from the fmalleft to 4 or 6 pound, are. 
generally made of theftrongell fort of cartridge paper, 

* Tbe nipple iod cyliiider 10 benr the fane proportion as ihflfe 
fbirockeii. 

1 t A (ouimI bit of br fs, eqcal in lengih to the (lick of the eafr. 
|pd Sat ai tbc (op, 

and 
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and niHed dry; luu the large fort are made of palled 
pafte board. As it is very difficult to roll the ends of 
the cafes quite even, the beft way » ill be to keep a jjat- 
tern of the paper for the difierent forrs of cafes, wnick 
pattern fhould be fomewhat lunger than the cafe it b 
defigncd lOr, and on it marked the number of ftieets j 
required, which ^vlU prevent any paper being ciit L_ 
waftc : having cut your papers of a proper fize, an^ I 
llie laft fhtet for each cafe with a flope at cue end, foj 
that w'^n the ca'es are rolled it may form u fpiral Its 
round the outfide, and that this flope may always be tj 
fam*-, let the pattern be fo cut for a guide: before j*q 
begin to roll, fold down one end of thefirft fheet, fo faf 
that the fold will }^o z or 3 times round the fofmer; 
then, on the douMe edge, lay the former with its handle I 
off the [L'ble, and when yon have rolled on the paper, 
\vi[hin 2 or 3 turns, lay, on that part which is loofe, tIiW'1 
next fheet, ?nd roll itall on. 

Having thus dt.nc, you mull have a fmooth boardi 
about 30 inches long, and equal in breadth to th* I 
length of the cafe; in the middle of this board muft ^ 
be a handle placed kngth-ways ; under this board la^ J 
your cafe, and let one end of the board lie on the tableiL~ 
then prefs hard on it, andpufhit forwards, which witf 
roll the paper very light ; do this 7 or 4 times beforfel 
you roll on any more paper: this rnuft be repeated every 
other flieet of paper, till the cafe is thick ensugh 1 but 
if the rolling boa.rd be drawn backwards, it will loofen 
the paper : you are to obfervc, when you roll on the laft 
ftieer,that the point of the (lope be placed atthefmallend 
of ttie roller. Having rolled your cafe to fit the mould, 
pulh in the fmall end of the former F, about 1 diameter 
from the end of the cafe, and put in the end piece within 
a little diftance of the former; then give the pinching 
cord one turn round the cafe, between the former and 
the end piece ; atfirft pull eafy, and keep moving the 
cafe, which will make the neck fmooth, and without 
large wrinkles; when the cafes are hard to choak, let 
each fteet of paper (except the firft and laft, in that 

part 
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patt where the neck is formed) be a little tnoineDed 
with water : iBimetliately afier you have ftruck the 
concave flrokc, bind the neck of the cafe round with 
faiaU twine, which muftno: be tied in a knot, but faftened 
with 2 or 3 hitches. 

Having thus pinched and licd the cafe fo as notto give 
wjy, put it into the mould without its foot, and with a 
puUlet drive the former hard on the end piece, which 
wili force the neck cJofe and fmooth ; this done, c\it 

ttbc cafe to its proper length, allowing from the neck 
■ the edge of the moutli half a diameter, which is = to 
the height of the nipple ; then take out the former, and 
jkive the cale over the piercer with the long rammer, 
tori the vettl ^vill be of a proper fize. Wheel cafei 
wjft be drove on a nipple with a jwint, to cl fe the neck, 
Ind make the vent of the fize required ; whiili, in moli 
Ctfes, is generally I of tlieir interior diameiti : as it is 
very oft difficult, when the cafes are rolled, to draw the 
tolki" our, you may make a hole thn.ugh the handle, 
and \*ii in it a fmal! iron pin, by wtuci. you may ea£ij 
turn the former round, and pull it ouU Fig. 1 7. ftiewB 
the method of pinching ca/es; a treddle, which, when 
preffed bard with the foot, will draw the cord tight, 
and force the neck as clofe as you pleafe ; Q^ fmall 
wheel or ['Ully, with a groove round it for the cord to 
run in. 

Cafes are cotrmonlv' rolled wet, for wheels and fixed 
pieces; and when they are required to contain a great 
ieogth of charge, themettodof making ihofe cafes is 
thus: Yiiur paper muft be cut as ufual, only the lalt 
ftcet muft not be cut with a Hope ■, having your paiier 
Tcady, parte c-ich fhe t on onefn-ie; then fold down the 
€trft fbeet as before direftcd, but be careful that the parte 
"does not touch the upper part of the fold, for if the 
Tolkr be wetted, it will tear the paper in drawing it 
out : iff parting the laft flieet, obferve not to wet the 
feft turn or 2 in that part where it is to be pinched ; for 
if that part be danap, the pinching cord will fticfc to ir, 
lud t^r thcj^peri tbcrefore, wbeo you choak thole 
• cafcFj 
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cafes, roH a Vit of drj' paper once round the caff, beforrf 
you put on the pinching cord; but this bit nfpapee' 
imift be taken off after the cafe is choakcd. The roUing*' 
board, and all other meihods, according to the forme] 
diredtbns for the rolling and pinching of cafes, muil b( 
ufed to tliefe as well as all other cafes. 

T. make Tourbillon Cafes. 

Thofe fort of cafes are generally made about 8 dia*< 
meters long, but if very large, 7 will be fufiicient : toiirJ 
billons will anfwcr very well from 40Z. to 2 lb. bul 
when larger there is no certainty. The cafes are beft 
rolled wet with pa fie, and the lafl: fl-ieet muft have a 
llrait edge, fo that the cafe may be all of a thicknefs; 
■when you have rolled your cafes, after the manner of 
wheel cafes, pinch them at one end quite clofe ; then, 
with the rammer, drive the ends down flat, and after- 
wards ram in about i-^d of a diameter of dried clay. , 
The diameter of the former for thefe cafes muft be the 
lame as for fky rockers. 

N.B. Tourbillons are- to be ramjned in moulds 
without a nipple, or in a mould without its foot. 

Balloon Cafes, or Paper Shells, 

Firft you muft have an oval former turned of Imooth 
wood v then pafte a quantity of brown or cartridge paper, 
and let it lie till the pafte has, quite foaked through; 
this done, rub the fori;ier with foapor greafe, toprccnt 
the paper from flicking to it; then lay the pajier on in 
fmall flips, till you have made it i-_^d of the ihicknefs 
.ofthelhcll intended; having thus done, fet it to dry, 
and when dry, cut it round the middle, and the 2 halves 
will eafily come off; but obferye, when you cut, to leave 
about 1 inch not cut, which will make the halves join 
much better than if quite feparated ; when j'ou have 
Jbme ready to join, place the halves even together, and 
pafte 3: flip of paper .r o.uud. fixe . opening to hold thei^ 

together, 
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■, and let iliat dry ; then lay on paper all over 
bet'ore, every where equal, excepting that end 
ich goes tlfjwnwards in the mortar, which may be 
le thicker than th- reft ; for that part which re- 
ceives the blow from the powder in 'he chamber of the 
mortar confeqiientlyreciuiies rhegreateft ftrength; \vh£n 
the ihell is th'iroiighly dry, burn a round vent at top, 
withfquare iron, lar£;e enough fur ihefuze: this method 
will d ' for bjlloims from 4 inches i-5ths, ro 8 inches 
4i^meter ; but if they arc larger, or required to be thrown 
» great height, let the firit Ihell be tu-ncd of elm, inftead 
,of being made of paper. 

For a ball'ion of 4 inches 3-5ths, let the former be 

3 inches I -6th diameter, and 5 ^ inches long. For a 
ball ion of 5 i inches the diameter of the former muft 
be i inches, and 8 inches long. Fora ball jc-n of 8 inches, 
let the diameter of the former be 5 inches and i5-i6thsy ' 
and 11 inches 7-Sths long. Fora lo-inch balloon, 
let the former be 7 inches 3-i6ths diameter, and 14 f 
inches long. The thicknefs of a ihell for a balloon of 

4 inches 2- ths, muft be i inch. For a balloon of 
si inches let the thicknefs of the paper be 5-Sths of an 
inch. For an 8-inch balloon, 7-Sths of an inch. And 
for a 10 inch balloun, let the Ihell be 1 inch l-8th 
thick. 

Shells that are defigned for ftars only, may be made 
quiteround. and the thinner ihey are at the opening, the 
better; for if they arc too ftrong, the ftars are apt to 
break at the burfting of the ftiell : when you are making 
the Ihell, make ufe of a pair of calibres, or a round 
gauge, fo that you may nor lay the paper thicker in one 
place than another; and alfo to know when the fhell 
is of a proper thicknefs Ballooijs muftahvays be made 

go eafy into the mortars, 



Mixing Compofitions. 



The performance of the principal part of fireworks 
(icpends nii^pli on the compofitioijs being well mi-xed ; 

therefore 
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therefore gr«at care muft be taken in this part of the 

T work, particul i rly for the compofitions for iky rockets, ri 

[ When you have 4. or 5 pounds of ingredients to mix,*' 

( which isafufficient quantity at a time (for alarger pro-. 

portion will not do fo well) ficft put the different in-' 

grcdient'; together; then work them about with you^ 

. binds, till you think they are pretty well incorporated : 

' after which put them into a lawn lievc with a receiver 

and top to it i and if, afte' it is lifted, any remains that 

will not pals through the fieve, grind it again till fine 

enough ; and if it be twice fifted, it ^vill not be amifs r 

but the compofitions for wheels and common works are 

not fo material, nor need nnt be fo fine. But in all 

fixed works, from which the fire is to play regular, the 

ingrcdieuts muft be very fijie, and great care taken ii> • 

mixing them well together; and obferve that, in all 

cotapofttions wherein are fteel or ir. n filings, thehanda 

tmift not touch ; nor will any works, which have iron 

or iteel in their charge, keep long in damp weather, 

without being properly prepared, accopding to the foU 

lowiitg dtretftions. 

To preferve Steel or Iron Filings. 

Itforaetimes may happen, that fireworks may berc- 
quired to be kept a long time, or fent abroad ; neither 
of which could be done with brilliant fires, if made with 
filings unprepared ; for this reafon, that the falriwtie 
being of a damp nature, it caufes the iron to ruft, the 
confequence of which is, that when the works are fired, 
there will appear but very few brilliant fparks, but in- 
ftead of them a number of red and droffy fparki; and 
befides, the charge will be fo much weakened, that if 
this was to happen to wheels, the fire will hardly be 
ftrong enough to force them round : but to prevent fuch 
accidents, prepare your filings thus. Melt in a glazed 
earthen pan fome brimftone over a flow fire, and when 
melted throw in fomefilings ; which keep ftirringahout 
till they are covered with brtmftone: this you muft do 

while 
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Ibbtle it is on the fire ; ihen take it off, »nd ftir it ver>' 
quick till cold, when you muft roll it on a board witli a 
wooden loHcr, till you have broke it as fine as com pow- 
der; after which iii't from it as much of the brimftone 
as you can. There is anmher raethoiJ of preparing filings, 
fo as to keep 2 or ^ months in winter ; this may be done 
by rubbing them Iwtween the ftrongeft fort of iirown pa- 
per which before has been moifteiied with linfeed oil. 

N B. If the brimftone Ihould take fire, you may put 
it out, by covering the paii clofe ar top; it is nut of 
much fignification what quantity of brimftone you ufe, 
fo chat there is enough to give each grain of iron a coat; 
but as much as will cover the bottom of a pan of about 
1 foot diameter, wilt do for 5 or 6 ]X>und of filings, or 
call iron for gcrbes. 

To drive or ram Sky Rockets, &c. 

Rockets drove over a piercer rauft not have (o much 
compofition put in them at a time, as when drove (olid, 
for the piercer, taking up great part of the bore of the 
cale, would caufe the rammer to rife too high ; fo that 
the preffure of it would not be fo great on the compofi- 
tion, nor would it be drove every where equal : topre- 
veni which, obfervc the following rule; that for thofe 
rockets, that are rammed over a piercer, let the ladle* 
hold as much compofition as, when drove, will raiie die 
driii \ the interior diameter of the cafe, and for thofe 
drove folid to contain as much as willraifeitjthe exterior 
diameter of the cafe : ladles are generally made to go 
e»fy in the cafe, and the length of the fcoop about 1 1 
of its Qwa diameter. 

Tbc diarge of rockets muft always be drove i dianwr 
ter above the piercer, and on it muft be rammed i-jd of 
a diameter of clay, through the middle of which bore a 
iinaUhole to the compofition, that, when the charge '» 
burai to ihe top, it may cammunicace its fire,, tbrougb 

* A copper fcoop wllh 1 wooden handle. 
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ihe hole, to the ftars in the head : great care rtloff be 
Sakca to rtrike with the mailer, and with an equal force, 
the fame number of rtrokes to each ladle-full of charge ; 
otherwifethc rockets will not rife with an uniform mo- 
tion, nor will the compofition liurn equal and regular; 
lor which reafon they cannot carry a iirojier tail, for it 
will break before the rocket has got halt way up ; in- 
ftead of reaching from the ground to the top, where 
the rocket breaks and difperfes the Itars, rains, or what- 
ever is contained in the head. When you are ramming, 
keep the drift conftantly turning or moving ; and when 
you ufe the hollow rammers, knock out of them the 
cotnpofition now and then, or the piTccr will fplit 
them : to a rocket of 4 oz. give to ciich ladle-full of 
charge 16 ftrokes; to a rocket of i lb. 8 : to a 
2-pounder, 36; to a 4-pDunder, 41 : and co a 6-pound- 
er, 56 : but rockets of a larger lott cannot be drove well 
by hand, but muft be rammed with a machine made in 
the fame manner as thofe for driving pies, which are fo 
very common to be feen, that I Ihall omit a defcrip- 
_ tion. 

The method of ramming of wheel cafes, or any other 
fort, in which"' the charge is drove loHd, is much the 
lame as iky rocket? ; for the fame proportion may be 
obferved in the ladle, and the fame number of ftrokes 
given, according to their diameters, all cafes being di- 
ftinguilhed by their diameters: in this manner, a cafe 
whofe bore is equal to a rocket of 4 oz. is called a 4-oz. 
cafe, and that which is cfjual to an 8-oz. rocket an 8-oz. 
cafe, and foon, according to the different rockets. 

Having taught the method of rammingcafes in moulds ; 
we fiiall here fay fomcthing concerning thofefilled with- 
out moulds ; which method, for flrong parted cafes, will 
do extremely well, and fave the cxpence of making fo 
tnany moulds. The reader mult here obferve, when he 
■fills any fort of cafes, to place the mould on a perpen- 
dicular block of wood, and not on any place that is 
hollow; for we have found by experience, that whea 
fafes were rammed oil driving benches, which were 

formerly 
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jbrmerly ufed, the works frequently tnilcarrietl. on ac- 
Mimt of the hollow rctiftance of the benches, which oft 
irrcd and loofenetl the charge io the cafes; but lliia 
Hccidenc has never happened Hnce the driving block** 
lave been ufed. 

When cafes are ta be filled without moulds, proceed 
fcus; have fome nipples made ofbrafs or iron, of fe- 
Jpral forts and fizes, in proportion to the cafes, and to 
fcrew or fix in the top of the driving block ; when you 
'ttve fixed in a nipple, make, at abuut i | inch from 
", afquarehole, in the block, 6 inches deep and i inch 
iametetj then have a piece of woud, 6 inches longer 
nan tlie cafe intended to be filled, and 2 inches fquarc; ; 
n I fide of it cut a groove almort the length of the cafe, 
Shofe breadth and depth miifl be futficient to cover near 
■j the cafe i then cut the other end to fit the hole in the 
block, but take care to cut it fo t!ut the groove may 
be of a proper diftance from the nipple ; this half moalj 
being made and fixed tight in the block, cut, in anocher 
piece of wood nearly of the fame length as the cafe, 
a groove of the fame dimenfions as that in the fixed 
piece 1 then put the cafe on the nipple, and with a cord 
tie it and the 2 half moulds together, and your cafe will 
be ready for filling. 

The dimenfions of the above defcribed half mould-^, 
are prop rtr nable for cafes of 8 ounces; but notice 
inuft be taken, that thc) differ in fize in proportion to 
ihc cafes. 

Note, the rlay, mentioned in this article, mud hs 
prepared afrer this manner ; get fonie clay, In which 
there is no ftones nor fand, and bake it in an oven till quite 
dry ; then take it our and beat it to a powder, aiid after-i 
wirds'flft it through a common hair fieve, and it will b« 
fit for ufe. 



* A P'W of liaf J wood in ihe farm of an anvil block. 
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Proportion of Mallets. 

The 'bed wood for mallets is dry beech. I would 
J fcavc every praAltioner know, that if he ufes a mallet 
r of a moderate fize, in proportion to the rocket, according 
I to his judgement, and if that rocket fuccecds, he may 
I Apeiid on the reft, by ufing the fame mallet ; yet it 
I will be neceflary that cafes of different forts bejrove 
with mallets of different fiaes. 

The followng proportion of the mallets for rockets 
[ *f any fize, from i oz. to tlb. may be obferved ; but 
as rockets are feldom made lefs than i oz. or larger than 
I 6Ib. I ftiall leave the management of them to the curi- 
ms; but ail cafes under i oz. may be rammed with 
an oz. rocket mallet. Your mallets will ftrike more 
folid, by having their handles tunied out of the fame 
piece as the head, and made in a cylindrical form: let 
their dimenfions be worked by the diameters of the 
rockets ; for example ; let the thickncfs of the head be 

? diameters, and its length i, and the length of the 
andle 5 diameters, whole thicknefs muft be in propcr- 
tion to the hand. 

Proportion of Sky Rockets, and Manner 
of heading them. 

Fig. 13. a rocket compleat without its flick, whole 
length from the neck is ^ diameters i-6th -, the cafes 
fhould always be cut to this length after they are filled : 
M the the head, which is % diameters high, and i dia- 
aieter 1 -6th { in breadth ; N the cone or cap, whofe 
pcriiendicular height muft be i diameter i 3-d. Fig. 14^ 
' the collar to which the head is fixed; this is turned out 
of deal or any light wood, and its exterior diameter muft 
be equal to the interior diameter of the head; i-6th 
will be fufficient for its thicknefs, and round the outiide 
edge muft be a groove i the interior Hiameter of the col- 
lar muft not be quite ib wide as the exterior diameter 

of 
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oitthe rocket; when this is to be glued on the rocket,. yoii 
muft cut 2 or 3 rounds of paper off the cafe, which will 
make a fhoulder for it to reft upon. Fig* 15, a former 
for the head : 2 or 3 rounds of paper well patted will be 
enough for the head, which, when rolled, put the collar 
on that part of the former marked O, which muft fit 
the infide of it ; then, with the pinching cord, pinch the 
bottom of the head into the groove, and tic it with fmall 
twine. Fig, 1 6, a former for the cone. To make the 
caps, cut your paper in round pieces, equal in diameter 
to twice the length of the cone you intend to make ; 
which pieces being cut into halves, will make 2 caps each, 
widioiit wafting any paper ; having formed the caps, 

Eafte over each of them a thin wh te paper, which muft 
e a little longer than the cone, fo as to projeA about 
I an inch below the botto n : this projedion of paper, 
being notched and pafted, ferves to fallen the cap to the 
head. 

When you load the heads of your rockets with ftars, 
rains, ferpents, crackers, fcrolls, or any thing elfe, accord- 
ing to your fancy; remember ahvaj^s to put 1 ladle-full of 
meal powder into each head, which will be enough to 
burft the head, and dif^^erfe the ftars, or whatever it con- 
tains : when the heads are loaded with any fort of cafes, 
let thdr mouths be ..placed down wards 3 and after the 
heads are filled, pjlftc on the rop of them a piece of paper, 
before you put on the caps. As the fize of ftars oft differ, 
it would be needlefs to give an exaft number for each 
rocket, but this rule may be obferved, that the heads 
may be nearly filled with whatever they are loaded. 

Decorations for Sky Rockets. 

Sky rockets bearing the pre-eminence of all fireworks, 
it will not be improper to treat of their various kinds of 
decorations, which aredirec.lcd according to fancy; feme 
are headed with ftars of different forts, fach as tailed, 
brilliant, white, blue and yellow ftars, &c. fome with 
gdd and filvcr rain ; others with ferpents, crackers, fire* 

E fcrolls. 
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fcrolls, tnarrons ; and fome with fma!I rockets, and 

Qiany other devices, as th? maker pleafes. 

Ditnenfions and Poife of Rocket Sticks, 
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The laft column on the right, in the above tablcj ex-i 
preffes the 'tiflance from the topof the cone, where the 
flick, when tied on, fhould balance the rocket, fo as to' 
fland in an equilibrium on one's finger, or the edge of 
a knife. The beft wood for the iHcks is dry deal, 
BJadc thus; when you have cut and planed the lUcka 
according to the dlmenfions given in the table, cut oa 
I of the flat fides at top. a groove the length of the 
rocket, and as broad as the ftick willallww; then on 
the oppofite flat ficie^ cut 2 notches for ibe cord, which. 
ties on the rocket, to lay in ; i of thcfe notches mult be 
near the top of the fticl<, aud the other facing the necfc 
of the rockets ; the diftance between thefe notches ma/ 
eafily be known, for the top of the ftlck Ihould always 
-ibuch the head of the rocket. When your rockets and 
■ flicks are ready, lay the rockets in the grooves in the ftrcks^ 

and 
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and tic them OD. Tliofeftlio, merely for curiofirv, mail 
chulccoraakerockersofdiffereiitfizes, to whatlhaveexi 
prelleilmtlic ubte of dijiiciiiions, may finii the |>"ngth o£ j 
Uieir ftickf, by inakiiig them for rockets, from Joz.to)lfaH 4 
6odiaoieters ot'iiie RiJcct Imig; and for rooke-ts abov^ J 
lib. 30 orji diameters will be a goot! length; their tliicl^iy ] 
nelsat top. may beabout -i-,adi:imecer, and their brcadifa^ 
a very lilllc more; their fi^paveac bottom is getieraily equa^' 
to i the thicknefs at top. But, aidiougb (he (.iimcnfiooft • 
of thefticks be very nicely observed, yoii rauft depend j 
only OQ their lulance : for, without a [proper cuuntep» 5 
jigifie, your rockets, inftead of mounting per[>endicularJyi» ] 
will take an ubliiiue direciion, gnd fall co the grpuni j 
before tiu:y a^n: butiit out. . j 

■ Boring; Rockets whick have been drove, j 
foiid. ; 

^ Plate 2, Fig. iS, rcprefeats the plan of an apparatus,! J 

or Isthe, for boring of rockets \ A the large wheel which 1 
tun)6i^e,fm^ilo9eB, tharworks the reammer C : thol« j 
reamraers are of diftercnt fizcs-accordiiig to the rockets ij ( 
tlwy mtiO. beof die fame diani,eter asthe top.of thf bore in- ' 
t^^ikfigflndc^minuethat thicknefs a little hiagcr rhaiv thflt 
d«ptliet^tlieborereqt}ir9d,andtheir [Kiijits-mulTbehkcth^ .j 
qian auger; thethicli end of each rcammer muft be madjj i 
fcjUflrB,andallof the fame fixe, foas to fit into one locket^ 
viereiii thev are fallened by a fcrew D; E the gui<is- 
ipf the resmmer, whu h is made to move backwards an^^ 4 
IbrwaMi i foihatj after you have ma^l^ed the reammefl j 
3 i diaoietei-'i of the rocket from the |»int, fet ^be f^idftfj 
^llRvyiog fttr the thiclvnefa of the fronts of the rQck«| J 
^0K^ ^nd the neck and mr/uth of the rocket, lo th^ J 
when the front of the large box is dole to the guide, thu 
seapimer may not go top f;#r up the charge.' F, boxes -1 
for hplding die rocketi, which arc madefo as to fir nn^ - 
ia jnotber 1 iheir fides ninft be equal in thickn>=rs to rh%. j 
4ii&r£nc€ of the diamcter-si.f the. rockets, and theic i^fN 
terior diamt4:ers equal to theexteiior diameters of thj^ ^ 

klOfkets. To prevent the rockets turning round while 
E z boring 

■ 
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L boring, a piece of wood mud be placed againfl tlieieha*i 

of the box in the inficle, and prctTed aga'inft the tail of 

the rocket ; this will alfo hinder the reammer trom forcings 

I rtie rocket backwards. G, a rocket in the box. H, a' 

* box that Hides under the rocket boxes to receive the 
i borings from the rockets, which fall throiigli holes made 
[ Cn puqjofe in the boxes ; thefe holes mufb be juft under 

tihe mouth of the rocket, one in each box, and all to' 

■ correfpond with each other. 

1 F'g* '9> 'S 3. front view of the large rocket box. I, 
' an iron place, in which are holes of different fizes, 

through which the reammer pafies; this plate is faftened 
I with a fcrew in the centre, fo that when you change the 
,, reammer, you turn the plate round, but always let the 

hole you are going to ufe be at the botom : the fri,nts 
! pi the other boxes muft hive holes in them to correfpond 
' with them in the plate. K, the lower part of the large 

• box, which is made to fit the infide of the lathe, that all 
! the boxes may move quite fteady. 

; '■ Fig 20, is a pcrfpetflive view of the lathe. L, the 
' guide for the reammer, which isfet by thefcrew at bot- 
I lorn. 
'f, ■ Fig. 21, a view of the front of the guide facing the 

■ teammer. M, an iron plate, of the fame dimenJions as 
t~Aat on the front of the box, and placed in the fame di- 

legion, and slfo to turn on a fcrew in the centre. N, 
the rocket box, which ilidcs backwards and forwards i 
■when you have fixed a rocket in the box, pufh k for- 
wards againft the reammer ; and when you think the 
fcoop of the reammer is full, draw the box back, and 
knock out the comirafition •, this you muft do till the 
i Tocket is bored, or it will be in danger of taking fire; 
Lvnd if you bore in a hurrv, wet the end of the reammer 
Rftow and then with oil to keep it coo). 
I* Having bored a number of rockets, you muft have 
' laps of ilifferent forts according to the rockets. Thefe 
' taps are a little longer than the bore, but when you ufe 
titem mark them 3 l diameters from the point, allowing 
for the thicknefs of the rocket's neck ; then, holdine 

& 
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xwvae hand, you tap it with ilie other. To cx- 
pJainthefetaps, I have reprefcnted i by Fig. 22. They 
are made in the fatne proportion as the fixed piercers, 
and are hollowed their whole length. 

Hand Machine ufed for boring of Rockets 
inftead of a Lathe. 

Thefe fort of machines anfwervery well, but not fo 
txpeditioui as the lathe, nor are they fo expenfive to 
make; they may be worked by 1 man j but the lathe will 
require 3. Fig. ?3, re[>refcnts the machine. O, the 
rocket boxes, which are to be fired, and not to ilide as 
ihofe in the lathe. H" Q^are guides for the rcammers, 
ihat are made to ilide together, as the reammer move* 
forvard : the reammcrs tor thefe fart of machines mull 
be made of a proper length, allowing for the thicknefs 
of the front of the boxe;, and the k-ngth of the mouth 
aud neck of the cafe : on the fquare end ot" thefe ream- 
"mers, murt be a round fhoulder of iron, to turn againft 
thz outfide of the guide Q. by which means the guides 
are forced forwards. R, tlTe Itock which turns the ream- 
jner, and while turning muft be preHed towards the 
the rocket, by the bodv of the man who works it ; all 
the reammers are to l)e ni^de to fit i 'ftock. This ma- 
chine as well as the lathe Is made by the fcale in the 
'fame place. 

To make large Gerbcs. 

Fig. 24, reprefents a wooden former; 25, a gcrbt 
complete, with its foot or ftand. The cafes for gerbes 
arc made very ftrong, on account of the ftrength of thfe 
corapofirion; which, when fired, comc< out with greA 
velocity ; therefc>re, to prevent tbeir bnrrting, the paper 
fhould be paftcd, and the caies made as thick at the tofi 
ss at the bottom; they fhould alio have very long neck^ 
for this reafon; firrt, that the particles of iron will have 
.more time to be heated, by meeting with greater refift- 
E 3 ance 
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ih |!;ett!ng'6tit, than with aftort neck, which 
burnt too wide before the charge be confHmed, and Tpoil 
theeffeft : Secondly, that with long necks the flats wiU 
ibe thrown to a {jreat height, and *ill not fall before they 
are fj>ent, or fpread too much ; but, when made to per-' 
fecVion will rrfe and fpread in fuch a manner as to form 
exaftly a wheat-flieaf. 

In the ramming of gerbes, there will be no need of 
H mould, the cafes being fuiKciently flrpng to fiipport 
(themfcives; but you are to be careful, befor? you begin 
Ho ram, to have a piece of wood made to fit in' the neck; 
for if this be not done, the compolition will fall into the 
uec , and leave a vacancy in the cafe, which, as I faid 
.before, wjU caufe the cafe to burll fo foon as the tirt 
arrives at the vacancy: you muft likewife obftrve, 
that the firft ladle of charge, or 2, if you think proper, 
i>e of fjme weak compofition. When the cafe is filled, 
: take out the pitce of wood, and fill the neck with fome 

■ flow charge. Gerbes are generally made about fix dia- 

■ tneters long, from the bottom to the top of the neck ; 
I ;lheir bore muft be i-^th narrower at top than at bottom. 

The neck S is i-6ih diameter and i long. T, a wooden 
; <bot or ftand, on which the gcrbc is fixed. This may 
' Ibe made with a choak or cylinder, 4 or 5 inches long, 
,' -to fit the infide of the cafe, or with a hole in it to put in 
I -the gerbe; both ihefe methods will anfwer the fame. 
_ Gerbes produce a molt brilliant fire, and are very beauti- 
fijl when a number of them are fixed in the front of a 
'■ building, or a colleftion of fireworks. 

N. B. Gerbes are made by their diameters, and their 
[ xafes at bottom | thick. The method of finding the 
fcinterior diameter of a gerbe is thus: Suppofing you 
I ^ould have the exterior diameter of the cafe, when made, 
flo be 5 inches, then, by t^kifig 2-4ths for the fides tjf 
liie cafe, there will remain i J inches for the bore, which 
■ will be a very good fize. Thefe fort of gerbes lhoul3 
jJk rammed very hard. 

Small 
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Small Gerbes, or White Fountain8^ 

May be fnade of 4, 8 oz. ^r i lb. cafts, pafted and 
made very ftroog, of what icngth you plcafe ; but, be- 
fore you fill them, drive m dry clay i diameter of their 
orifice high; and, when you have filled a cafe, bore a 
vent through the centre of the clay to the compofition; 
the common proportion will do for the vent, which muft 
be primed wkh a flow <tharge. Tbeie fort of cafes^ 
without the clay, may be filled with Chlnefe fire. 

To mdce Pafte-board and Paper Mortars. 

/ Fig* 26, a former, and 27, an elm foot for the mortar; 
28, a mortar complete ; thefe mortars are beA when 
made with pafteboard, wefl pafted before you begin ; 
or, inftead of pafte, you may ufe giue. Fdr a coenqm 
mortar, which is 4 inches 2-.^ths diameter, roll the t>afte- 
board on the former i-6th of its diameter thick; and, 
when dry, cut one end fmooth and even ; then nail and 
l^ue it on the upper part of the foot; when done, cut off 
the pafte-board at top, allowing for the lenjgth of the 
mortar 2 | diameters from ' the mouth of tne powder 
chamber} then bind the mortar round with a fl:ror(g 
cord wetted with ^lue. U, the bottom part oifthe foot, 
is I diameter i-jds broad, and i diameter high; and that 
part which poes into the mortar is 2-3d8 of hS diameter 
nigh. W, IS a copper chjimb'er for powder, Wiade in a 
conical form, andisr-jd bf the diameter widb, 1 1 c5fits 
own diameter long ; in thfe centre of the bottb^ of thjs 
chamber, ntake a fmall H0I9 aiittlc way do\<^n the foot; 
this hole nnift be tniet by another of the fame fi5s6, maqc 
in the fide of the foot, as isihewn in Fig, 28. If thefe 
holes are made true, ^nd a copper pipe fitted ioto l)otb, 
the mortar wh^n loaded will'prifne itftlf, for. the pow- 
der will naturally fall to tjie b6ttom of the Ifirft hole 5 
then by fUttmg a bit of quick-match in the fide hole, 
yovif mortal will be ready to bfc ^ti. 

E A Mortars 
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Mortars of 5 1, 8, and lo inches diameter, maybe made 
of paper, or pafte-board, by the above method, and in 
■he fame pro[X)rtion ■, but if larger, it will be beft to 
have them made of brafs. N. B. The copper chamber 
miift have a ftnall rim round its edge with holes in it, 
for fcrews to make it fa ft in tKe foot. - 
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SECT. IV.— To load Air Balloons, with 
the. Number of Stars, Serpents, Snakes, 

, Rain-falls, &c. in Shells of each Na- 
ture. 

Tj ALLOONS being in great efleem, by admirers of 

Ij file works, I fliall give a full defcription of 

^^ ben you fill your fliells, you mud fitft put in the 
ferpcnts, rains, ftars, fee. or whatever they are compofed. 
of; then the blowing powder; but the fhclls muft not 
he quite filled; all thofe things mutl be put in at the 
fuze hole ; but matrons, being too large to go in at the 
fuze hole, muft he put in beforethe infide fliell be joined. 
When the fliells are loaded, glue and drive in the fuzes 
very tight. Of thefe fiizcs we fliall fay more hereafter ; 
tut fliall here give the diameter of the fuze hole in baU 
lof^ns of each nature, which are, — For a coehom balloon, 
let the diameter of the fuze hole be 7-8ths of an inch. 
Foraroyalballiicj'n, which is near si inches diameter, 
make the fuze hole i inch i-8th diameter. For an 8-iiich 
balloon, I inch ^-iiths: and foraio-inch balloon, i inch 
5-bths. 

Having proceeded thus far with the directions of load- 
ing ball Jt ns, i fliall in the fecond plate give an account 
of the quantities and number of each article proper for 
ihells of each nature; but it is to be obfervcd, tliat air- 
talJoons are divided into 4 forts, viz. firfl", illuminated 
balloons; fecond, balloons of lerpcnts; third, balloons 

of 
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of reports, marrons^ and crackers; and foiirth| com** 
pound ball66ns. 

Coehorn Balloon illuminated. 



oz. 



Powder for the mortar » ' ■ 2 

Length of the fuze compolition | of an inch i i pz. 
drove or rolled ftan, as many as wlU nearly fill the 
(hell. 

Coehorn Ballpon of Serpents. 

OZ. 

Corn J * C ■ ' ■* ■ — — — • I . 

Powder for the mortar ' ■■■■ - ' 2 J 

Length of the fuze compofition 13 i6ths of an inch, 
f oz* cafes drove 3 diameters and bounced | diameters ; 
and I oz* cafes drove 2 diameters and bounced 4 ; of each 
an equal quantity, and as many of tl^em as will fit in 
cafily, placed hea^} to tail 

Coehorn Balloon of Crackers and Re- 

.ports. : . 4 

oz. 

Meal7 .^^„ » , f ■ ! ■ ■ 1 1 

Comfl^^^'l ■ 1- . o| 

Powd6r/or thiftnortv , - ■ ■■ •■ « ..%. 

Length of the fuze compofition | of an inch. Reports 
4^ apd crackers of 6 bounces, as many as will fill the 
IbelK 

Compound 



/ 
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Compound Coehora Balloons 



oz. dr. 

' 4 



Powder for the mortar — — 24. 

Length of the ^ze compofitioa 131 6ths of an inch. 
I oz. cafes drove 3 { diamaers and bounced 2, fixteen; 
I oz. caJes drove 4 diameters and not bounced, i o. Blue 
fining (lars, lo. Rolled ftan as manjr as uill complete 
the ballood. 

Royal Balloons illuminated. 



I powder for the mortar 3 o 

Lcngthof the fuze compofition 15 lithi of an inch. 
f^ oz. ftning ftars, 54: Rolled ftars as many as the flicU 
t flvil! contain, allowing rcwm for the fuze. 

Royal Balloons of Serpents. 



Powder for the mortar 



3 8 



Length of the fuze compofition i inch, r oz. cafes 
drove 3 I and 4 diameters, and bounced 2» of each an 
equal quantity, fufficient to load the ftell. 



Royal 
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Royal Balloons with Crackers and Mar J 



powder 3 



oz. dr.' I 

I «T 
' +1 



rons. 

Corn J 

Powder for firing che mortar 



Length of the fuzecompofition 14 i6ths of an inch j J 
reports 1 2, and coiUjilcceJ with crickers of 8 baunces. 

Compound Ko^al Balloons. 



Powder ? 
Powder for the mortar 



Meal 
X>rn 



3 "J 



Length of the fuze corapofition 1 inch. | oz. cafes i 
drove and bounced 2 diameters, Jt. 2 ounce cafes filled ' 
^-gths of aa inch with ftar compofition, and bounced 
t diameters, 8. Silver rain-falls, 10. 2 oz. tailed ftar% 
«6. Rolled brilliant ftars, 30. If this Ihoukl not be J 
Ttiffidentto load the fliel!, you may complete it with gold , 
nin*£Uis. 

Eight-inch Balloons illuminated. 

oz. dr. 

tAealJ . f 2 8 

C^|powder| . , ^ 

J'owderibr -the mortal 9 o 

Length of the fuze compofition 1 inch 1 Sth. 2 oz. 
drove fla:s, 48. 4 oz. cafes drove with ftar corapofitioa i 
A Sdu of aj] inch, ^nd bounced % diameters, iz ; and j 
ibelwllodD completed with z oz. cirove biilljaat tlar«. 

Eights 



fo 
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Eight-inch Balloons of Serpents. 1 

OZ.dK 

Vowder fbf the mortar . ■ ■ : — c 

Length of the fuzecompofition i inch 3 i6ths. 2 o3i 
cafes drove i i diameter, and bounced i ; and i oz. caft 
drove 2 ciiameters, and bounced 2 | ; of each an equal' 

qqanttt)-, fufficient forihe IheU. ■ 

N. B. The liar comjiofition drove in bounced cafe^ 
muft be managed tlins; firft, the cafes muft be pinched 
dofe at 1 end, then the cnrn powder put in for a report^ 
and the cafe pinched again clofe to the pow der, only 
leaving a fmall vent for the ftar comjjofition, which ^ 
drove at top, to communicate to the powder at the bounw 
end. - 



REM 



K 



Balloons filled witli crackers, reports, and marrons, 
make no great fliow of ihemfelvcs, nor are they very 
pleafing to the eye, for the)- reprefent nothing more than 
a number of pale white flafties, followed by a variety of 
reports; which all together make but a very indifferent 
appearance, when fired with illuminated ballot'ns, which 
are fo beautiful and briUiant, as to give fuch luftre as will 
dazzle the eyes of the fpectators for fome time. On this 
confideration, I do not think it worth while loading (hells 
of a large nature with things that afford fo little plea- 
forc; but they have a pretty good efFtiS in royal fliells, 
when thrown amonga nuraberof air works, fuch as pots 
des brins or flights of rockets, in order to alarm the peo- 
ple with a thundering in the air. For ihey will not 
inow from whence the reports came, if fired cxa^ly at 
• £he fame time with the other works, and the fuze made 
Kto carry a fmall fire. -Hur if any one thinks proper to 

mak^ 
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make large ballogns of this fort, Jt is only obferving a 
proporrion of the blowing and firing powder, and the 
length of the fuze, for fhells of the lame dimenfions as 
thotb you intend to make, Thefe kind of baUodns are 
lighter than any other, by reafon of the crackers being 
light, and not lying clofe in the fhelh. It muft be ob- 
lerved, when yoit fire light ballwns, not to put fo much 
powder in the mortar as for heavy. 

Compound 8-inch Balloons. 



Meal) . f i 8 

^,^5 powder^ 

Powder for the mortar • 9 4 

Length of the fuze compofitlon i-8tht 40^- cafes 
Srovewith ftarcompolition ^-Sthsof an inch, and bounced 
3 diameters, 16. 2 oz. tailed ftar^ 16. 2 oz drove 
brilliant ftars, 1 1. Silver rain-falls, 20. i oz. drove blue 
liars, 20: and i oz. cafes drove and bounced 2 diameter?, 
as many as will fill the Ihell. 

Another of 8 inches. 



Meal? , »; a i( 

« f powder ^ 

Com 5^ I ■ I 12 

ftwder for the mftrtar g 4. 

I Length of the fuze compofitlon i inch i 8th ; crackers 

^Eof 6 reports, 10. Guld rains, 14. a 07- cafes drove 

^■fcith (lar compofition j Schs of an inch, and bounced 

^Pldiameters, if). ? 02'. tailtd ftars, 16. 2 oz. drove 

^Irilliant ftars, 12. Silver rarns, to. 1 02. drove blue 

ftirs, a-_>: and 1 oz. cafes drove with a brilliant charge 

» dlamerere and bounced •?,- as many as the ftieil will 

hold. 

Another- 
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Another of 8 inches. 



. Powder for the mortar 



Length of the fuiecompofition I inch t i6th. Cracb^J. 

I «rs of 6 reports, lo. Gold rains, 20. 2 oz. cafes 
drove with ftar cotnpofition | an inch, and bounced 
2 diameters, 16. 2 oz. drove trilliainftarB, : oz. drove 
blueftars, 2-oz. drove coloured ftars, 2 oz drove tailetjj 

: flars, large ftrung ftars, ani mJled ft^rs, of each an, 

: equal quantity, fufficientforihe baUj4.q. 

A compound lo-inch Ba'.loon. 



,^^^J} powder I 

■ Powder for the mortar 



^ f 

12 8, 



length of the fuze cotEpofition 15 i6thsof an inch, 
I oz, cafes drove and bounced ^ diameters, i6. Crack- 
s of K reports, 12. 40Z. cafes drove | an inch with ftar 
compofition, and bounced 2 diameters, 14, 2 oz. ca&ll 
drove with brilliant fire i J diameter, and bounced 2 di 
meters, 16. 2 oz. drove brilliant ftars, 3' . 2-oz. droi 
blue ftars, 30. Gold rains, 20. Silver rains 20. After all 
thefe are put in, fill the remainder of the cafe with tailed 
and rolled ftars. 

Ten-inch Balloon of 3 changes. 



|^^J}powder| _ 
; Bowder for the mortar 



— 3 
3 

- '3 
Length 
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Lengtb of the ftize compofition i inch. The fliell muft 
be loaded with' 2 oz. cafes, drove with ftar compofition 
I of an inch, and on that i diameter of gold fire, then 
bounced 3 diameters; or with 2 oz. cafes fir ft fijied 
I diameter with gold-fire, then i of an inch with ftar 
compofition, and on that i diameter and i of brilliant 
fire. Thefe cafes muft be well fecured at top of the 
charge, left they fliould t^ke fire at both ends ; but their 
necks muft be larger than the comnum proportion. 

To make BallocSn Fuzes. 

Fuzes for air balloons are fometimes turned out of dry 
beech, with a cup at top, to hold the quick-match, at 
you fee in Plate II. Fig. 28, but if made with pafted pa- 
per, they will do as well : the diameter of the former 
for fuzes for coehornballGons, muft be fan inch; fprarbya^ 
fuze, 5 8 ths of an inch 5 for an 8-inch fuze, | of an inch; 
and for a 10-inch fuze, 7 8ths of an inch. Having 
rolled your cafes, pinch and tie them almofl clofeatone 
end 'f tl^n drive them v^own, and let them dry ; before you ■ 

begin to fill them, mark, on the outfide of the cafe, the 
length of charge required, allowing for the thickncfs of 
the bottom ; and when you have rammed in the com- 
j^ofition, take 2 pieces of quick^match, about 6 inches ^ 
k)ng, and lay one end of each on the charge, and theiv 
a little meal j>owder, which ram down hard ; theloofe 
ends of the match double up into the top of the fuze, 
and cover it with a paper cap to keep it dry. When you 
put the fhells in the mortars, uncap the ftizes, and pull 
9Ut the loofe e(ids of the match, and let them hang on 
the fides of the ball ^'ns. The ufe of the match is, ta 
receive the fire rom the powder in the chamber of the 
ixiortar, in order to light the fuze : the Ihell being put 
10 the mortar with the fuze up,>ermoft, and exadly in 
|J;e centre; fprin le over it a little meal-powder, znA 
^will be ready to be fired. Fuzes made of wood muft 
W . longer than thofe of paper, and not bored quire 
tbrwgh, but left folid about | an inch at bottom ; and 

wlien 
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when you ufe them , (aw them off to a proper lengtli, mesu 
fiirii^ the charge firom the cup at top. 

Tourbillons. 

Having filled fome cafes within about i } diameter^ 
drive in a ladk-full of clay, then pinch their ends clofe, 
and drive them down with a mallet ; when done, find 
the centre of gravity of each cafe, where you nail and 
tie a (tick, which ihould be | an inch broad at the mid* 
die, and run a little narrov.-er to the ends : the(e (licks 
muft have their ends turned up war: s, fo that the cafes 
may turn horizontally on their centres i at the oppofite 
(ides of the cafes, at each end, bore a hole clofe to the 
clay with a eimblet, the fize of the neck of a common 
cafe of the (ame nature ; from thefe holes draw a line 
round the cafe, and at the under part of the cafe bore a 
hole, with the fame gimblct, within | a diameter of each 
line towards the centre, then from one hole to the other 
draw a right line. This line divide into 3 equal parts, 
and at X and Y, Fig. 29, Plate III. bore a hole, then 
from thefe holes to tlic other 2, lead a quick-match, over 
which pafte a thin paper. Fig. 30 reprefepts a tourbil* 
Ion as it (hould lie to be fired, with a leader firom one 
fide hole A, to the other B. When you fire tourbillons, 
lay them on a fmooth table, with their fticks downwards, 
and burn the leader through the middle with a port fire. 
They (hould fpin 3 or 4 feconds on the table before' 
they rife, which is about the time the compofition will 
be burning, from the fide holes to thofe at bottom. 

To tourbillons may be fixed rejiorts, in this manner r 
in the centre of the cafe at top> make a fmall hole, and 
in the middle of the report make another ; then place 
them together, and tie on the report, and with a ungle 
paper fecure it from fire: this done, your tourbillon is com- 
pleated. By this method you may fix on tourbillons,; 
fmall cones of ftars, rains, &c. but be careful not to load 
them too much, i 8th of an inch will be enough foi( 
the thicknc(s of the (licks« and their length equal to that 
ofihc cafc«?. ^ 
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To make Mortars to throw Aigrettes, and 

to load and fire thenar 

Mortars to throw aigrettes are generally made of pafte- 
board, of the fame thicknefs as balloon mortars, and 2 f 
dianieters long in the infide from the top of the foot : 
the foot muit be made of elm without a chamber, but 
flat a( top, and in the fame proportion as thofe for bal- 
l.)cn mortars; thefe mortars muft alfo be bound round 
\vith cord as before mentioned 2 fometimes 8 or 9 ot 
thefe mortars, of about 3 or 4 inches diameter, are bound 
all together fo as to appear but 1 1 but when they are 
made for this purpofe, the bottom of the foot muft be 
of the fame diameter as the mortars, and only i a. dia- 
meter high. Your mortars, being bound well together, 
fix them on a heavy folid block of wood : to load thefe 
mortars, firft put on the infide bottom of each, a piece of 
paper, and on it fpread 1 | oz. of meal and corn powder 
.mixed ; then tie your ferpents up in parcels with quick- 
match, and put them in the mortar with their mouths 
downwards ; but take care the parcels do not fie too 
tight in the mortars, and that all the ferpents have beea 
well primed with powder wetted with fpirit of wine : 
on the top of the ferpents in each mortar lay fome paper 
or tow ; then carry a leader from one mortar to the 
other all jround, and then from all the outfide mortars 
into that in the middle: thefe leaders muft be put be- 
tween the cafes and the fides of the mortar, down to the 
powder at bottom : in the centre of the middle mortar 
nx a fire*pump, or brilliant fountain, which muft be opea 
at bottom, and long enough to project out of the mouth 
of the mortar ; . then pafte paper on the tops of all the 
mortars. 

Mortars thus prepared are called a Neft of S. rpei^ts, 
as reprefented by Fig. 3 1. When you would fire thefe 
niortars, light the fire-pump C, whiijh when confumed 
will communicate to all the mortars at once) by means 
o{ the leaders. For mortars of 6^ 8^^ or ij^ inches dia- 

F * meteri 
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meter, the ferpents ihould be made in i and 2 ez. cafes 9 
6 or 7 inches long, and fired by a leader, brought out of 
the mouth of the mortar, and turned down the outfide, 
and the end of it covered with paper, to prevent the 
fparksof the other wor^s from fctting it on fire. For a 
6 inch mortar, let the quantity of powder for firing be 
2 oz. for an 8-inch, 2 | oz. and for a 10 inch, 3 |oz. Care 
muft be taken in thefe, as well asfmall mortars, not to put 
the ferpents in too tight, for fear of bur ing the mortirs. 
Thefe mortars may be loaded with ftar , crackers, &c. 

If the mortars, when loaded, are to be fent any di- 
fiance, or liable to be much moved, the firing powder 
fhould be fecured from getting among'^ the ferpents, 
which would endanger the mortars, as well as hurt their 
performance ; to prevent which, load your mortars thus : 
firft put in the firing powder, and fpread it equally 
about ; then cut a round piece of blue touch-paper, 
equal to the exterior diameter of the mortar, and draw on 
it a circle, equal to the interior diameter of the mortar, 
and notch it all round as far as that circle ; then pafte 
that part which is notched, and put it down the mortar 
clofe to the powder, and flick the pafled edge to the 
mortar : this w^ill keep the powder always rniooth at 
bottom, fo that it may be moved or carried any where, 
without receiving damage. The large fingle mortars are 
called Pots des Aigrettes. 

Making, loading, and firing of Pots des 

Brins« 

Thefe are made of pafle board, and mufl: be rolled 
pretty thick ; ufually made 3 or 4 inches diameter, and 
4 diameters long, and pinched with a neck at one end, 
like common cafes. A number of thefe are placed on a 
plank thus : having fixed on a plank 2 rows of wooden 
pegs, cut, in the bottom of the plank, a groove the 
whole length under each row of pegs ; then, through 
the centre of eachjpeg, bore a hole down to the groove 
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at bottom, and on every peg fix and glue a pot, whofe 
^ mouth muft fit tight on the peg: through all the holes 
run a quick-match, one end of which muft go into the pot, 
and the other into the groove, which muft have a match 
laid in it from end to end, and covered with paper, fo that 
when lighted at one end, it may difcharge the whole almoft 
inftantaneoufly : in all the pots put about i oz. of meal iind 
corn powder; then in fome put ftars, and -others rains, 
fnakes, fcrpents, crackers, &c. when they are all loaded, 
pafl« paper, over their mouths. 2 or 300 of thefe pots 
being fired together, make a very pretty ft^ow, by afford- 
ing fo great a variety of fires. Fig. 3 1 is. a range of pots 
• des.brins, with the leader A, by which they are firei 

Pots dcs SancifTons 

Are generally fired out of large mortars without cham- 
- bers, the lame as thofe for aigrettes, only fome what 
ftronger : iauciflbns arc made of i and 2 oz. cafes, 5 or 6 
' inches long, and choaked in the fame maner as ferpents : 
half the number which the mortar contains, muft be 
drove i | diameter with compofition, and the other half 
. 2 diameters, fo that when fired they may give 2 volleys 
of reports ;.'but if the mortars are very ftrong, and will 
bear a fufficient charge, to throw the fauciflons very 
irigh, you may make 3 volleys of reports, by dividing 
the number of cafos into 3 parts, and making a dif- 
ference in the height of the charge : after they are filled, 
pinch and tie them at top of the chargs, almoft clofe; 
only leaving. a (mall vent to communicate the fire to the 
upper part of the cafe, which muft be filled with corn 
powder very near the top; then pinch the end quire clofe, 
and tie it; after this is done, bind the caie very tight 
with waxed pack-th ead, from the choak at top of the 
compofition, to the end of the cafe ; this v ill make the 
cafe very ftrong in that part, and caufe the report to be 
very loud : fauciflbns ftiould be rolled a little thicker of 
paper than the common proportion. When they are 
to be put in the mortar, they muft be primed in their 

F 2 mouths* 
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mouthfy and fired by a cafe of brilliant fire fixed id 
their centre* 

The charge for thefe mortars ihould be i-6tht or 
I'ithf more than for pots d^s aigrettes of the fame 
dsameten 

To fix one Rocket on the Top of another^ 

When (Icy rockets are thus managed^ they are called 
Towering KocKets, on account ot their mounting fo very 
high. 1 o > ering rockets are made after this manner ; 
fix on a pound rocket a head without a collar ; then take 
a '. oz. rocket, which may be headed or bounced, and 
rub the mouth of it with meal powder wetted with fpirit 
of wine; When done, put it in the head of the large 
rocket with its mouth downwards ; but before you put 
it in, fiick a bit of quick-match in the ht.le in the day 
of the pound rocket, which match ihould be long enough 
to go a little way up the bore of the fmall rocket, to fire 
it, when the large is burnt out : the 4 oz. rocket being 
too fmall to fill the head of the other, roll round it as 
much tow as will make it (land upright in the centre of 
the head : the rocket being thus fixed, pafie a fingle paper 
round the oi>ening of the top of the head of £e la^ 
rocket. The large rocket muft have only half a diameter 
of charge rammed above the piercer, for, if filled to the 
ufual height, it would turn before the fmall one tikes 
fire, and entirely deftroy the intended effcft : when one 
rocket is headed with another, there will be no occafioQ 
for any blowing powder; for the force with which it fets 
off*, will be fumcient to difengage it from the head of the 
firft fired rocket. The fticks for thefe rockets muft be 
a little longer than for thofe headed with ftars^ rains, ice. 

Caduceus RocketSi 

In rifing, form 2 fpiral lines, or double worm, b]rr»* 
fon of their being placed obliquely, one oppofite the 

ocb^» 
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other; and their counterpoife in their centre^ which 
caufes them to rife in a vertical direction. Rockets for 
this purpofe mufl: have their ends choaked dofe, without 
either head or bounce; for a weight at top would be 
a great obftruAion to their mounting ; though I have 
known them fometimes to be bounced, but then they 
did not rife fo high as thofe that were not ; nor do any 
Caduceus rockets afcend fo high as iingle, becaufe of 
their ferpentine motion^ and likewife the refiftahce of 
air, which is much greater than 2 rockets of the fame 
fize would meet %vith, if fired fingly. 

By Fig. 3g. you fee the method of fixing thefe rockets: 
the fticks for this purppie mufl: have all their fides equal, 
which fides ihould bet equal to the breadth of a ftick 
proper^ for a iky rocket of the fame weight as thofe you 
mtend to ufe, and to taper downwards as ufual, long 
enough to balance them, i length of a rocker, from 
the crofs ftick; which mud be placed from the large 
ftick, 6 diameters of i of the rockets, and its fcngth 
7 diameters; fo that each rocket, when tied on, may form 
with the large ftick an angle of 60 degrees. In tying 
ointhe rockets, place their heads on the oppofite fides 
of the crofs ftick, and their ends on the oupofite fides 
of the long ftick; then carry a leader from the mouth of 
one into that of the other. When thefe rockets are to 
be fired, fu'fpend them between 2 hooks or nails, then 
burn the leader through the middle, and both will raJcc 
fire at the fame tin^e* dockets pf i )b. ^r^ a good fizc 
for this ufe. 

Honorary Rockets 

Are the fame as fky rockets, except that they carry 
no head nor report, but ^re clofed at top, on which is 
fixed a cone ; then on the cafe, clofe to tne top of the 
ftick, youricii a Qz. cafe, about 5 or6 inches long, filled 
with a fl;rong pharge, and pinched cJofe at both ends ; 
then in the reveHe fides, at each end, bore a, hole in thp 
i^ipe manner as in tourbiHons ; from each hole carry a 

F 3 leader 



70 ARTIFICIAL 

leader into the top of the rocket. When the rocket i» 
fired, and arrived to its proper height, it will give fire 
to the cafe at top, which will caufe both rocket and 
ftick to (j)in very faft in their return, and reprefent 
a worm or fire, defcending to the ground, 

1 here is another method of placing the fmall cafe, 
which is by letting the ftick rife a little above the top 
of the rocket, and tying the cafe to it, fo as to reft on 
the rocket: thefe rockets have no cones. 

There is alfo a third method, by which they are 
managed, which is thus : in the Jtop of a rocket fix a 
piece of wood, in which drive a fmall iron fpindle; then 
make a hole in the middle of the fmall cafe, through, 
which put the fpindle ; then fix on the top of it a nut, 
to keep the cafe from falling off; when this is done, the 
cafe will turn very faft, without the rocket: but this 
method does not anfwer fo well as either of the for- 
mer. 

Fig. :?4. is the honorary rocket complete. The beft. 
fized rockets for this purpofc are thofc of ilb. 

To divide the Tail of a Sky Rocket fa 
as to form an Arch when afccnding. 

Having fome rockets made, and headed according 
to fancy, and tied on their fticks ; get fome Iheet tin, 
and cut it into round pieces about 3 or 4 inches diame- 
ter J then on the ftick of each rocket, under the mouth 
of the cafe, fix i of thefe pieces of tin, 16 inches from 
the rocket's neck, and fupport it by a wooden bracket^ 
as ftrong as poffible: the ufe of this is, that when the 
rocket is afcending, the fire will play with great force 
on the tin, which will divide the tail in fuch a manner, 
that it will form an arch as it mounts, and will have a 
very good eflfeft when well managed : if there is a fliort 
piece of port-fire, of a ftrong charge, tied to the end of 
the ftick, it will make a great addition; but this muft; 
be lighted before you fire the rQcket» 

To 
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To maifee feveral Sky Rockets rife in the • 
fame dire<Sion, and equally diftant from 
each other, * 

Take 6 or any number of fky rockets, of what fize 
you pleafe; then cut fome ftrong pack-thread into 
pieces of 3 or 4 yards long, and tie each end of thefe 
pieces to a- rocket in this manner. Having tied one end 
of your i>3ftli|thrv:ad round the body of one rocket, and 
the other #id to another ; take a 2nd piece of pack- 
thread and make one end of it faft to one of the rockets 
already tied, and the other end to a 3d rocket, fo that all 
the rockets, except the 2 outfide, will be fattened to 
2 pieces of pack-thread: the length of thread from one 
rocket to the other, may be what the maker pleafes; 
but the rockets muit be all of a fize, and their heads 
filled with the fame weight of ftars, rains, &c. 

Having thus done, fix in the mouth of each rocket 
a leader pf the fame length; and^ when you are going 
to fire them, hang them almo..t clofe ; then tie the endj 
of the leaders together, and prime them: this prime 
being fired, all the rockets .will mount at the lame time, 
and divide as far as the ftrings will allow ; which divifion 
they will keep, provided rhey are all rammecf alike^ 
and well made. They . are called, by fome, Chained 
Rockets. 

Signal Sky Rockets 

Are made of feveral kinds, according to the different 
fignals intended to be given : but in Artificial Fireworks» 
2 forts are only u fed, which are one with. reports, and* - 
. the other without; but thofe for the ufe of the Navy and - 
Army are headed with liars, ferpents, &c.— -Rock- 
ets which are to be bounced, muft have their <:afes made 
I I or 2 diameters longer thui the commoo proportion, 

and 
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and, after they are filled, drive in a double quantity of 
clay; then bounce and pinch theoi, after the ufual manT 
ner, an^ fix on each a cap. 

Signal iky rockets without bounces, are only fky 
rockiis clofed and caj^ped : thefe are ver}' light, therefpre 
do not require fuch heavy flicks 4S thofe with loaded 
heads; for which reafon, you may cpt one length of 
the rocket off the flick, or elfe n^ake them thmner. 

Signal rockets with reports, are fired in fmall flights; 
and ott both t hefe, and thofe without reports, are Ufe4 
for a fignal to begin firing a collection of H^ks, 

To fix two or more Sky Rockets on one 

ftick. 

* ■ ■ 

Two, 3, or 6 fky rockets, fixed on i ftick, and fired 
together, make a grand and beautiful appearance; for 
the tails of all wHll fcem but as one of an immenfe fize, 
and the breaking of fo many heads at once will re* 
femble the burfting of an air balloon; but the manage- 
ment of this device requires a fkilful hand; therefore, 
for the encuuragement of thofe who arc fond of curious 
performances, 1 fhall give fuch inftrudlions, that, if 
well obferved, even by thofe who have not made a great 

Erogrefs in this art, there will be no doubt of the rockets 
aving the defired efTeift. . 

Rockets for this purpofe niuft be made with the 

greateft exacflnefs, all rammed by the fame hand, ixi 

the fame mould, and out of the one proportion of com- 

pofition ; and after they are Qlled and headed, muft all 

be of the fame weight: the ftick muft alfo be well made, 

(and proportioned) to the following direftions: firft, fup- 

pofing your rockets to be \ pounders, whofe fticks arc 

6 feet '6 inches long, jhen if 2, 3, or 6 of thefe are to 

be fixed on i lUck, let the length of it be 9 feet 9 inches; 

then cut the top of it into as many iides, as there are 

rockets, and let the length of each fide, be equal to the 

len^h of I of the rockets mthout its head ; and in each 

fAt cut a groove, (as ufual); then froxii the g^rooves 

' • plane 
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down to die bottom, where i 
ncfs njiift be equal to half the top of the round part. 
As their thicl^jiefs cannot be exaftly afcertained, I Ihatl 
give 3 rule which generally anfwers for anj' number of 
rockfiis above two : the rule is thisi that the ftick at top 
muH i?e thick enough, when the grooves are cut, for all 
the rockets ta lie, without preJTmg each other, though 
as near as poflible. 

When only 2 rocVets are to be fixed on I flick, let the 
length of the ftick be the laft given proportion, bu: 
fliapcd after the common method, and the breadth and 
thicknefs, double the dimenfions given in the Table, 
pi^e 50. The point of poifemuft bein theufuaipiace, 
(let the number of rockets be what they will :) ifOicks 
made by the above direftions Ihould be too heavy, 
plane them thinner; and if too light, make them 
thicker; but always make them of the fame length. 

When more than two rockets are tied on one ftlcfc, 
there will be fome danger of their flying up without 
the flick, unlefs the follo'ving precaution is taken -, for 
cafes being placed on all fides, there can be no notches 
for the cord which tics on the rockets to lie in ; 
therefore, inflead of notches, drive a fmall nai], in each 
iide of the ftick, between the necks of the cafes ; and 
let the cord, which goes round their necks, be brought 
clofe under the nails ; by this means the rockets will be 
as fecure. as when tied on fingly. Your rockets being 
thus fixed, carry a quick-match, without a pipe, from the 
mouth of one rocket lo the other; this match being 
lighted will give fire to all at once. 

Though the directions already given may be fuffi- 
cientfor thefe rockets, I fliall here add 211 improvement 
of my own, on a very eflential part of this device, 
which is, that ofhjnging the rockets to be fired; for 
before I hit upon the following method, many of my 
efla)s proved uiifuccefsful ; but to prevent fuch per- 
pkxjties, inflead of the old and common manner of 
hanging them on nails or hooks, make ufe of this con- 
irivapce : have a ring made Qf fl;rong iron wire, lacgo 

enough 
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«nough for the ftick ro go in, as far^s the roouthj of 

the rockets ; then let this ring be fu]>ported by a fraall 
iron, 3t Ibme diftance from the polt or ftand to which 
it is fixed -, then have another ring, fit to receive and 
guide the fmall end of the ftick. Rockets thus fufpended 
will have nothing to obtirudt their fire; but when they 
dfe hung on nails or hooks, in fuch a manner, that 
fome of their mouths are againft or upon a rail, there 
can be nn certainty of their riling in a vertical direftion. 



To fire Sky-rockets without Sticks. 

You muft have a ftand, of a block of wood, a foot 
diameter, and make the bottom flat, fo thjt it may 
fiand fteady ; in the centre of the top of this block 
draw a circle i | inches diameter, and divide the cir- 
cumference of it into 3 = parts; then take 3 pieces of 
thick iron wire, each about 3 feet long, and drive them 
into the block, i at each point made on the circle ; 
when thefc wires are drov^' in deep enough to hold them 
faft, and upright, fo that the diftance from one to 
the other is the fame at top as at uottora, the ftand is 
complete. 

The ftand being thus made, prepare your rockets 
thus : take fome common Jky-rockets, of any ii?,e, and 
head them as you pieafei then get fome balls of lead, 
at\d tie to each a fmnll wire, 2 or 2 f feet long, and 
the other end of each wire tie to the neck of a rocket: 
thefe fcalls anfwer the purpofe of fticks, when made of a 
proper v.eight, which is about 2- jds the wdght of the 
rocket; but when they are of a proper fize, they 
will balance the rocket in the fame manner as a ftick, 
at the ufual point of poife. To fire thefe, hang them, 
one at a time, between the tops of the wires, letting 
their heads reft on the point of the wires, and the balls 
hang down between them ; if the wires ftiould be too 
wide for the rockets, prefs them together, till they fit^, 
and if tco clofe, force them open; the wires for this: 
purpde mull be foftened, fo as not to have any fpring. 
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or they wtH not keep their pofition, when prefled clofe 
or opened. 

Rain-falls for Sky-rockets, Double and 

Single. 

Gold and filver rain compofition are drove in cafes 
that arc pinched quite clofe at one end': i^ you roll them 
dry, 4 or 5 rounds of paper will be ftrong enough, but 
if they are pafted, 3 rounds will do ; and the thin fort 
of cartridge paper is belt for thofe fmall cafes, which 
in rolling you muft not turn down the infide ^dge, as in 
other cafes, for a double edge would be too thick for fo 
fmall a bore.. The moulds for rain-falls ihould be made 
of brafs, and turned very fmooth in the iniide ; or the 
cafes, which are fo very thin, would tear in coming out; 
for the charge muft be drove in tight ,• and the better 
the cafe fits the mould, the more driving it will bear. 
Thefe moulds have no nipple, but inftead of which 
th?y are made flat : as it would be very tedious and 
troublefome to ihake the compofition out of fuch fmall 
ladles, as are ufed for thefe cafes, it will be necefiiary to 
have a funnel, made of thin tin, to fit on the top of the 
cafe, by the help of which you may fill them very faft. 
For fingle rain-falls for 4 oz. rockets, let the diameter 
of the former be 2 1 6ths of an inch, and the lengtli of 
the cafe i inches ; for 8 pz. rockets, 4 1 6ths, and 2 dia- 
meters of the rocket long; for lib. rockets, 5 i6ths, and 
2 diameters ofthe rocket long; fori Ib.rocktts, 5 i6ths, 
and 3 i inches long; for 4 lb. rockets, 6 i6ths, and 
4 I inches long-; and for. 6-pounders, 7 i6ths diameter, 
and 5 inches long. 

r Of doublerain-falls there arc 2 forts; as, for example, 
fonae appear firft like a ftar, and then as rain; and fome 
appear firft as tain, and then like a fiar : when you would 
Imve ftars ficft, you muft fill the cafes, withis | an inch 
ofthe top, with rain compofition, and the remalndfcir with 
Aac CDoipofitaen ; but when you intend the rain ihould 
be fiifl^ <ki«didPMe ca^ | jm incb witli* ftar compofition, 
. ' and 
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the reft wUh rain. By this method may be made many 
changes of fire; for in large rockets you may make 
them fir ft burn as ftars, then rain, and again as ftars; 
or they may firft Ihew rain, then ftars, and finifli with 
a report i but when they are thus managed, cut open 
the firft-rammed end; after they arc filled and bounced, 
at which place prime them. The ftar compofition 
for this puipofe muft be a little ftronger than for 
rolled ftars. 



Strung Stars. 

Firft take fotne thin paper, and cut it Into pieces of 
I I inch fquare, or thereabouts ; then on each piece lay 
as much dry ftar compofition as you think the paper 
will eafily contain ; then tvvift up the paperas tight as 
you can; when done, rub fome pafte on your hands, 
and roll the ftars between them ; then fet them to dry : 
your ftars being thus made, get fome flax or fine tow, 
and roll a little of it over each ftar; then pafte your hands 
and roll the ftars as before, and fet them again to dry; 
when they are quite dry, with a piercer make a hole 
through the middle of each, into which run a cotton 
quick-match, long enough to hold loor iz ftars, at 
3 or 4 inches diftance: but any number of ftars may be 
ftrung together by joining the match, 

Tailed Stars. 

Thefe are called tailed ftars, becaufe there are a great 
number of fparks iflbe from thera, which reprefent 
a tail like that of a comet. Of thefe there are two forts, 
which are Rolled and Drove; when rolled, they muft be 
moiftened with a liquor made of half a pint of fpiriti 
of wine, and half a gill of thin fize, of this as much 
as will wet the compofition enough to make it roll ealy; 
when they are rolled, fift meal powder over them, and 
fet them to dry. 

When tailed ftars are drove, the compofition muft 
be moiftened with fpirit of wine only, and not made fo 

wet 
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^Rt as for rolling: i and 2 oz. cafes, rolled dry, are beft 
for this piirixjfe; and when they are filled, unroll the 
cafe within j or 4 rounds of the charge, and all that you 
unroll cut off j ihen pafte down the loofe edge : 2 or 3 
days after the cafesare filled, cut them in pieces 5or6 Sths 
of an inch in length ; then melt fome wax, and dip one 
end of eachpieceintoit, fo as to cover the compofuion : 
the other end mult t>e rubbed with meal powder wetted 
with Ipirit of uinc. 

Drove Stars. 

Cafes for drove ftars are rolled with pafte, but are 
made very thin of paper: befoie you begin to fill them, 
damp th^ compolition with fpirit of wine that has had 
fome camphor diffolved initj you may ram them in- 
differently hard, fo that you do not break, or fack the 
cafe, to prevent which, they ihoutd fit tight in the 
mould: they are drove in cafes of fcveral (izes, from 
S drams to 4 oz. when they are filled in { 02. cafes, 
cut them in pieces of | of an inch long; if 1 oz. cafes, 
cut them in pieces of 1 inch : if 2 oz. cafes, cut rhem 
in pieces of t J inch long; and if 4 oz. cafes, cut them 
in pieces of i | inch long : having cut your liars of a 

ifoper fize, prime both ends with wet meal powder. 

rhefe ftars are feldom put in rockets, they being fhicfiy 
intended for air ball .'ons, and drove in cafes, to prevent 
the compofition from being broke by the force of the 
blowing powder in the Ihell. 

Rolled Stars 

Arc commonly made about the fize of a mulkct ball, 
though (hey are rolled of feveral fizes, from thebignefs 
of a pillol ball, to 1 inch diameter ^ and fometimes very 
fmall, but thi;n called -sparks, ureat care mult be taken 
in making ftars firft, that the feveral ingredients are 
reduced to a fine powder; fccondlv, that the compofition 
is well wurked and mixed. BL'tbre you begin to roll, 
take abouc a pound of compofuion, and wet it wirh the 

following 
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following Irquid, enough to make it (tick together at* 
rolleafy, fpirir ot" wine 1 qiuiLt, in uliich diirolve i dF 
■an ounce of ifinglafs. If a great (quantity of compofuioB 
te wetted at once, the fpirit will evat>oraie, and leave tl 
dry, before you can rol lit into ftars; having rolled ii| 
one proportion, lh?fcc the ftara in meal powder, atvf 
fct them to dry, which trhey will do in 3 or 4days ; btl| 
if yon ftiould want them for immediate ufe, dry ihel 
in an earthen pan over a flow hear, or in an oven, ] 
being very diihcult to make the ftars ail of an equal fize, 
when the compofition is taken up proraifcuoiifly wil" 
the fingers; therefore I ihall here fet down a method b 
which you may make diem very exa^, which is, — When 
the mixture is moiftened properly, roll It on a flat fmootn 
"ftonc, and cut it into fquare pieces, making each fquac/ 
large enough for the ftars you Intend. There is anothg 
method ufcd by fome to make ftars, which is by rollin 
the compofition in long pieces, and then cutting off tlS, 
* 'ftar, fo that each ftar will be of a cylindrical form ; hm 
this method is not fo good as the former, for to make the 
compofition roll this -way, it mull be made very wet^ 
svhich makes the ftars heavy, as well as weakens theni 
"All ftars niuft be kept as much from air as potliblfi^ 
othervvife they will grow weak and bad. 

Scrolls for Sky Rockets. 

C^fes for fcrolls fliould be made 4 or 1; inchos )|t 

length, and their interior diameter 3 8ths of an inch ; one 

■ end of thefe cafes mull be pinched quite clofc, before you 

bc^in to fill, and when filled, clofe the other end; then 

in the oppofite fides make a fmall hole at each end, ti 

the compofition, in the fame manner as in Tourbillom 

and prime them with wet meal powder. You may put 

'in the head of a rocket as many of thefe cafes ps it will 

"contain : being fired they turn veiy quick in the air, and 

feSForm a fcroll or fpiral line. 1 hey are generally filled 

~ ^■Witha ftrong charge, as that of ferpents, or brilliant fire. 

Swarmers, 
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S varmers^ or fmall RockeC& 

Rockets that £0 under the den^nnination oi S niimq% 
aze dic^&am i oz. downwariis. Thaie rockets ave fined 
Ibmctiizacs ixx &ghr^ iDd ic ]£t^ w^aser-works && 
SivanaeR oi i sshd 2 oz. are horevi, and made in rbe 
lame maoDcr as large rackets, excepts uhen hcJKlcd, 
cfadr heads mnA ix put ob without a cdllar : rhe amnher 
of fliokes ibr drivktg 1 cz. isuli be eighc ; ^nd tw 
aoz. cwndvc 

All rockets under i oz. are not bored, hut muft he 
filled to the ufual height with compofition, which fe 
generally com{K>led of line meal |K)wder 4 oz. &nil char* 
coal or fled duft 2 drams: the mim&cr of llrokcs tor 
ramming thefe fmall fvranners is not material, 10 a$ 
they ire rammed troc, and moderately hard. The 
necks of unbared rockets muft be in ihc iame propor- 
tion as in common cafes. 

The caufe of Sky Rockets riGng. 

Having promi* 
fcd« in tbc ftxrond 
ft\:tion, tor pa>vc 
that the cllccl of 
iky rockctSy and 
proportion ^of 
their charge, de- 
pends on the fize 
of the cavity in 
the compofidon ; 
1 ihall here en- 
deavour to give 
a mathematioal 
demonftration 
thereof. 
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I Let ABC be the hollow cone for the fire, AYCZB, 
w the fuperficies of that cone, all the lines OZ at lighf 
W angles with BC, all the lines OY at rij;ht angles with 
ft A- : now all the angles ZOY being rowanis R, whether . 
■'toe an^^les ZOY are obtufe or acute, but the more acute 
K ^c better. The rays of fire ZO and YO ifluing from 
■'tbc fides of the cone BC and AC, and continually acting 
K^frith the greater lorce one upon another at O, forcing 
B'tiie whole BC \ upward from the pointR; andthewider 
BiVhe cone is, ((b as not to exceed one third at bottom, 
Eand one fixth at top, of the exterior diameter of the 
n «Dcket) the greater velocity will the rocket rife wnth. 

ft ■ ' Stands for Sky Rockets. 

ft Care mufl be taken, in pUcing the rocVcrs, when they 

ft '([re to be fired, to give them a vertical dlreiflion at rheir 

ftjBrftfetting out ; which may be managed thus. Have 

I a rails of wood, of any length, fupported at each end 

Brly a perpendicular leg, fb thai the rails be hprizon- 

ft tal, and let the dirtance from one to the other be 

I almoft equal to the length of the fticl:s of the rockets 

ft intended to be fired ; then in the front of the top rail 

ft drive fquare hooks at 8 inches diftance, with their points 

ft burning fideways, fo that when the rockets are hung oij 

ftthein, the pointi will be before the flicks, and keep 

ft 0iem from failing, or being blown (iff by the wind : in 

FXhf front of the rail at bottom muft be itaples, drove 

peqtendiculai' under the hooks at top ; through thcfe 

rtaples put the fraaii ends of the rocket flicks. Rockets 

are fired by applying a lighted port fire to their mouths. 

N. B. When iky rockets are made to perfeiftion, 

and fired, they will fland 2 or j ieconds on the hoofc 

before they rife, and then mount up briflcly, with a fteady 

motion, carrying a large tail from the ground all the way 

up, and, juft as they turn, break and difperfe the flats. 

Girandole Chefts, for flights of Rockets, 

Are generally coiripofed of four fides, of equal dimen- 
Cotis;butmay be made of any diameter, according to 

the 
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The number of rockets defigned to be fired; its height 
muft be in propartion to the rockets,, but mufl. always 
be a little higher than the rockets \\ ith their flicks. 
When the fides arc joined, fix in the top, as far down 
the cheft as the length of one of the rockets with its 
<:ii|) on. In this top, make as many I'quare or round 
holes to receive the rocket flicks, as you intend to have 
rockets ; but let the diOiance between them be fuliicieiit 
for the rockeis to ftand without touching one another ; , 
then from one hole to another cut a groove, large enough 
for a quick-match to lie in: the top being thiisfiKed, 
put in the bottom, at about i { foot diftance from the, 
bottom of the chert i in this bottom mull be as many . 
holes as in the top, and all to correfpond ; but thefc 
holes need not be fo large as thofe in the cop. 

Toprepare your chert, you mufl: lay a quick-match; 
in all the grooves, from hole to hold then tuke fume 
Iky mcke s, and rub them' in the mouth with wet meal 
powder, and put a bit of matchup the cavity of each, which 
match muft be long enough to hang a little below the 
mouth of the rocket. Your rockets and cheft being pre- 
pared according to the above dirediions, put the rticks 
of the rockets through the holes in the top and bottom 
of the cl".eft, fo that their mouths may reft tn the quick- 
match in the grooves; by v-hich all the rockets will be 
fired at once; for by giving fire to any partot the m^itch, 
it will communicate to all the rockets in an inftant. 
As it would be rather troubleiome to dircift the rticks ■ 
from the top to the proper holes in the boitomj it 
will benecetlary to have a fmall door in oiie of the ' 
iides, which when o^jened, you may fee hpu to place 
the I'icks. Flights of rockets, beiiig fcWum fired 
at the beginning of any fireworks, for which reafoti 
they are in danger of being fired, by the fparks, from, 
wheels, &c. therefore to prelerve ihem, a coyer Ihould 
be made to fit on the cheil, and the. dour in the fide 
kept Ihut. ..,.?.^M f^i.mi -.1 
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Serpents or Snakes for Pots of Aigrettes, 
Small Mortars, Sky Rockets, &c. 

Serpents- for this ufe are made ffom 2 | inches, toi 
7 inches I'ong, and their formers from 3 i6ths to 5 Srh* 
cf an inch diameter ; but the diameter of the cafes 
muit always beequal to 2 diameters of the former; tliey 
are rolled and choaked like other cafes, and filled witiv 
compofition from 5 S^rhs of an inch, ta 1 i inch high, 
according to the fize of the mortars, or rockets, they are 
defigned tor, and the remainder of the cafes bounced 
with corn-powder, and afterwards their ends pinched 
and tied clofe; before riiey are ufed, their toouths muit 
be primed wich wet meal-powder. 

Leaders, of Pipes of ConuiKinication, 

The beft paper for leaders, is Elephant, which )'0i» 
cut into' long flips, 2 or 3 inches broad, fo that they may 
go 3 or 4 times round the former, but not more ; when- 
tliey are very thick, they are too ftrong for the paper 
which fallens them to the works,, and will fometimes 
fly off without leading the fire. The formers for thefe 
leaders are made from. 2 to 6 i6ths of an inch diameter ; 
but 4 i6ths is the tize generally made ufe of : the for- 
mers are made of fmooth brafs wire: when you ufe them^ 
rub them over with greafg, or keep them wet with parte, 
to prevent their flicking tothe paper, which mufi: bcpafted- 
all over. In rolling of pipes, make ufe of a rolling- 
board, but ufe it lightly: kaving rolled a pijic, draw ouc 
the former with one hand, holding the pipe as light a» 
poflible with tiie otiier; for, if ic prefs againft the forraer^ 
t tt will ftick and tear the paper. 

^.E. Make your leaders of different lengths, or in- 
elothing of works you will cut a great many to wafte. 
Leaders for matron batteries mu(i be made of ftroog- 
cartridge paper, 

' • '"' ■ SECT- 
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SECT. V. Aquatic Fireworks. 



■n|T fORKS that fijorr in the water are mucli eftecmed 
I W bj" moll admirers of 6reworks, particularly water 
rockets; but, as they feein ot" a very extraordinary na- 
ture to thofe who are acquainted with this art, I fliall 
endeavour to explain the method of making them, in as 
full and ealy a manner as pofTible, as well as other de- 
'. vi ces for the water. 

H Water Rockets 

May be made from 40Z, to 2 lb. but, if larger, are 
too heavy; fo that it will be difficult to make them keep 
aljovi: water without a cork float, which rauft be tied 
Id the neck of the cafe; but the rockets will not dive fo 
lA-ell with, as wltJiout floats. 

Cafes for ihefe are made in the fame manner and pro- 
jiorticin as fliy rockets, only a Htde thicker of paper. 
\l.''hen you fill them which are drove foliJ, put in firfl: 
1 ladle-full of flow fire, then 2 of the proper charge and 
on that I or 2 ladles of finking charge, then the proper 
ciiarge, dien the finking charge again, and fo on, rlU 
you have filled the cafe within 3 diameters; then drive 
on the compofition 1 ladle-full of clay ; through which 
make a fmall hole to the charge ; then fill the cafe, within 
I a diameter, with corn powder, on which turn down 
2. or 3 rounds of the cafe in the infide ; then pinch and 
tie the end very tight: having filled your rockets, (accord- 
ing to the above dirediions) dip their ends in melted n fin, 
or feaHng wax. or elle fecure them well with greafe. 
When you fire thefe rockets, throw in 6 or 8 ar a time ; 
but, if you would have them all fm'.i, or fwim, at the 
;.time, you rauft drive them with an equal quantity 
npofition, and fire thero ?11 together. 

G 2 To 
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To make Pipes v( Communication, wmc 
may be ufed under Water. 

V-.-p-z C-jt this purpofe miift be a lifle thicker of papt 
than thofe for land. H.iving; rolled a I'u.n lent numbei_ 
of pipe, and kept them till dry, walh tht-m over with 
dryiu oil, andfet them to dry ; but whe.T you oil them, J 
leave about li Inch at each end dry, fur joints: if thef/l 
were oiled all over, when you come ro join them, the 
pafte would not rtick where the paper is greafy : after 
the leaders are joined, and the palte dry, oil the joints. 
Thefe pipes will lie many hours under water, without 
receiving any damage. 

Horizontal Wheels for the Water. 

Firffget a large wooden bowl without a handle; then 
have an oftagon wheel made of a flat board, i 8 inches' 
diameter, fo that the length of each fide will be near 
7 inches: in all the fides cut a groove for the cafes to 
lie in. This wheel being made, nail it on the top of the 
bowl ; then take'S four-ounce cafes, filled with a proper 
charge, each about 6 inches In length. Now, to clothe 
the wheel with thefe cafes, get fome whitifh-brown paper, 
and cut it into flips 4 or 5 inches broad, and 7 or 8 long; 
thefe flips being patted all over on one fide, take i of- 
the cafes, and roll i of the flips of paper about i i inch 
on its end, fo that there will remain about 3 i inches of 
the paper hollow from the end of the cafe : this cafe tie 
on I of the fides of the wheel, near the ccrners of which 
muft be holes bored, through which you put the pack- 
thread to tie the cafes : having tied on the firft cafe at the 
neck and end, put a little meal powder in the hollow 
pa[*er ; then pattea flip of paper on the end of another 
cafe, the head of which put into the hollow paper on the 
firrt, allowing a fufficient diftance, from theiailofone 
to the head of the other, for the patted paper to bend, 
't^thouc teazing : the fecond cafe tie on as you did the 

firft; 
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"Cirft; and fo on with the reft, except the laft, which 
muft be doled at ilie end, unlefs ic is to communicate to 
any thing on top of the wheel -, fuch as fire-pumps or 
brilliam fires, fixed in holes, cut in the wheel, and fired 
by the laft or lecond cafe, as the fancy direfts: 6, 8, or 
any number, may l)e placed on the top of the wheel, fo 
that they are not too heavy for the bawl. 

Before you tie on the cafes, cut the upper part of all' 

their ends, except the Isft, a little flielving, that the firo 

'from one may play over the other, without being ob-". 

ilruiftcd by'the cafe. M'heel cafes have no clay drove' 

'in their ends, nar pinched, but are always left open, 

^^pnly the 1^ or thole which arc not to lead fire, which- 

^H|null be well fecured. ^ 

f 
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Water Mines. 

Forthefe mines you muft have a bowl, with a wheel j 
on it, made in the fame manner as the water wheel, onlyi 
in its middle muft be a hole, of the fame diameter J'OB 
defign to have the mine. Thefe mines are tin pots, witH 
ftrong bottoms, and a little more than 2 diameters in 
length; your mine moft be fixed in the hole in the wheels 
with its bottom reftingon the bowl ; tlien loaded with 
fcrpents; crackers, ftars, fmall water rockets, &c. ia 
the fame manner as pots 'of aigrettes ; but in their cen- 
tre fix a cafe of Chinefe fire, or a fmall gerbc, which 
mutt be lighted at the beginning of the ^laft cafe on the 
^^ wheeh Thefe wheels are to ' be clothed as ufual. 

^L ■ Fire Glomes for the Water. 

^^V Bowls for water globes muft be very large, and the 
^^P" wheels on them of a decagan form ; on each fide of 
^^^ which nail a piece of wood 4 inches long, and on the 
outfide of each piece cut a groove, wide enough to re- 
ceive about i of the thicknefs of a 407.. cale : thefe 
pieces of wood muft be, nailed in the middle of each face 
ofthewheel, and fixed in an oblique direftion, fo that 
.the fire from the cafes may incline upwards : the wheel 
G 3 being 
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being thus prepared, tie in eacli groove a 4 oz. cafe^ 
filled with a grey charge; then carry a leader ffdm the 
tail of one cafe to the mouth of the other. 

Globes for thefe wheels are made of 2 nn hbo])':, 
with their edges outwards, fixed one within the "other, 
at right angles. The diameter of rhcfe hoops mud be 
fomewhat lefs than that of the wheel. Having made a 
globcj drive in the centre of a wheel an iron fpindlc, 
whicti muft ftand perpendicular, and its length 4 or 
6 incbes more than the diameter of the globe. 

This fpindle ferves for an axis, on which the globe is 
fixed, which, when done, muft fiand 4 or 6 inches from 
the wheel: round one lide of each hoop muft be foldered 
little bits of tin, i i inches diftance from each other; which 
pieces muft be i inches in length each, and only fnftened 
ac one end, the other ends being left loofe, to turn round 
the fmali port fires, and hold them on: thefe port fires 
mull be made of fuch a length, as will laft out the cafes 
on the wheel. You arc to obferve, that there need rot 
lie any port fires at the bottom of the globe within 4 inches 
of the fpindle; for, if there were, they would have no 
effeft, but only burn the whtfe! : all the port fires muft 
be placed perpendicular from the centre of the .globe, 
»yith their mouths outwards; and muft all be clothed 
with leaders, fo as all to take fire with the fecond cafe of 
the wheel ; which cafes muft burn 2 at a time, i o[)|>ofite 
the other. When z cafes of a wheel begin together, 
2 will end together; therefore the 2 oppofi^e end cafes 
muft have thi-ir ends pinched andfecured tromfirc. The 
method of firing fuch wheels, is, by carrying a leader 
from the mouth of one pf the firft cafe^, to,thatof the 
."qther, which leader being burnt tbrouoh the middle, 
jyill give fire tQ both at the fame time. 

Pdpriferous Water Balloons. 

Thefe balloons ar^ made in the fame manner, as air 
ballfions, but- very thin of paper, and in diameter i 5 inth 
>vith a vent of i an inch di^mm-r. The Ihells being 

made, 
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■made, and quiK dry, fill them with any of the following 
compolkions, which uiuft be rammed in tight : thefe 
baHooos inaft be fired .it the vent, and put into a 
bowl of water. Odoriferous works are generally fired 
in rooms. 

Compofirion I. 

Saltpetre 2 oz. flower ef fuiphur i oi. camphor Jtiz. 
^elUjw artibcr iof. charcoal duft |62. flower of bfiniamin. 
or ^a odorata, i oz. all pcm-dettd very fiae, and well 
mixed. 

Compofition 11. 

Sahpetre t z oz. meal powder 3 07,. franUincenfc r oe. 
nmh I oz. camphor i oz. charcoal 3 oz. all iBolftened 
with the oH of fpike. 

Compofidoh lU. 

Saltpetre 202:. fulphiiri 07- antimony | oz, amber J oz- 
ocdar rafpings i o?,. all mixed with the oil ofrofes, an^ 
a. Ciw dfopaof Uergamot. 

Gompofition IV. 

Saltpetre 4 oz. fulphur 1 oz faw-diift of i'unjp'^ f 02, 
faw-diifl 6f cypref? i oz. camphor | oi. inyrfh 2 draWs» 
dried rolcmary | oz. coitex e^aterii | oz. all moiftened 
a little with the oil t>f rGfes 

N. B. Water rockets may be liiade with any of the 
above compofitions, with a Tittle alteration, to make 
dicm weaker or fl:ronger, actditiiffg to -t-hfe S.fi b£' th* 
calVs. 

Water B&1166ns. , 

Having made fome thin paper ihelh, of wlut diameter 
you pleafe, fill fome with -the compofm^n for water 
fialloi^ns, and ibmc after this manner. Having made 
• G 4 the 
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wirh crackers, which mortar mull be fired by a pipe ' 
from the cad of the flow fire; the firing of this mortar 
win (ink the Ihip, and make a pretty conciufion. The 
regulating port fire of this lliip muft be lighted at the 
lame time with the firil: fighting fhip. 

Having prepared all the ihips for fighting, wc Ihal! 
next proceed with the matiagement of them, when on 
the Water. At one end of the pond, juft under the fnr- 
face of the water, fix 2 running blocks, at what diftance 
you chufe the fhips ihould fight -, and at the other end 
of the pond, oppofite to each of theie blocks, under the 
water, fix a double block; then on the land, by each of 
the double blocks, place two fmall wiiidiafles; found 
■one of them turn one end of a fmall conl, and the other 
end put through one of the blocks; then carry it through 
the fingle one, at the oppofite end of the pond, and 
bring it back through rbe double block again, and 
round the other \vindlafs: to this cord, near the double 
block, tie as inarty fmall ftring^, as half the number of 
the fhips, at what dilUiice you think proper ; but thefe 
firings mull not be more than 2 feet each : thel'oofe end 
of each make faft to a fhip, juft under her bow-fpritj 
but if tied to the keel, or too near the water, it will 
overltr the Ihip. Half the fliips being thus prepared, 
iiear the othtir double block fix two more windlaffes, 
to which faften a cord, and to it tie the other half of the 
ihips, as befOTe: when you fire the fhips, pull in the 
xord, with one of the windlafles, to get all the ftiips to- 
gtlhcr; and when ymi have fet fire to the firft, turh 
that windlafs, which draws them out, and fo on with 
ihereft, till tliey are all out, in the middle of the pond; 
then by turning the other windlafs, you "will draw theBi 
back again; by which method you may make thetti 
change fides, and tack about, backwards and forward's, 
at pieafure. For the fire-flilp, fix the blocks a'nd windr 
lafles between the others, fo that when fhe fails out, fte 
HviU be between the other fhips: you muft not let this 
ftiip^yance, tilhheguti^ather portstafcefire. 

To 
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each tioftril pw a fmall cafe filled half with grey charger! 
and the reft with port^fire compofition. r 

if Neptune is to give fire to any building on the wg-| 
ter-, at his (irll fetting our, the wheels of thechariot,W 
and that on his head, with the white flames on the horfes 
heads, and the port fires in their eyes and nollrils, mull 
aU l>c lighted jt once ; then from the bottom of the 
white ftamcs carry a leader to the trident. As Neptune 
is to advance by the help of a block and cord, you mull 
manage! it (o as not to let him turn about, till the bril- 
liant fires on the horfes, and the trident, begin; for it is 
by the fire from the horfes, (which plays almofV upright) 
that the building, or work, is lighted ; which mult be 
thus prepared. From the mouth of the cafe, which is 
to be firli fired, hang fomeloofe quick-match, to receive 
fhe fire from the horfes. When Neptune is only to be 
Jhewn by himfelf, without fetting fire tJ any other works ; 
Jet the white flames on the horfes be very ftiort, and 
not to laft longer thm one cafe of each wheel, and let 
2 cafes of each wheel burn at a time. 



Swans and Ducks in Water. 

If you would have the fwans, or ducks, difcharge 
rockets, into tliewater, they muft be made hollow, and 
of paper, and filled with fmail water rockets, withfome 
blowing powder, to throw them out ; but if this is not 
doncj they may be made of wood, which will laft many 
times. Having made and paint;ed fome fwans, fix them 
on floats; then in the places where their eyes (hould be, 
bore holes two inches deep, inclining downwards, and 
wide enough to receive a fmall port fire ; the port fire 
cafes for this purpofe muft be made of brafs, 2 inches 
long, and filled with a flow bright charge; in the middle 
of one of thefe cafes make a little hole, then put the 
port fire in the eye hole of the fwan, leaving about half 
an inch to projeft out, and in the other eye put ano- 
ther port fire, with a hole made in it; then in the neck 
of the fwan, within two inches of one of the eyes, 

bore 
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rfjte a hole flantways, to meet that in the port fire; in 
this hole put a leader, and carry it to a waier rocket* 
that muftbefixtd undeHhetail with its mouth upwards; 
on the top of the head place 2 one-ounce cafes, 4 inches 
long each, drove with briliiant fire-, one of thefe cafes 
mult iDctioe torwards, and the other backwards; thefe 
muft be lighted at the fame time as the water rocket; 
to do which, bore a hole between them, in the top ot" 
the fwan's head, down to the hole in the port fire, to which 
carry a leader ; if the fwan is filled with rockets, they 
muft be fired by a pii>e, from the end of the water rocltet ■ 
under the tail. When you fet the fwsn a fwimming, 
light the 2 eyes. 

Water Fire-Fountains. 

-To make a fire fountain, you muft firfthavca float 
made of wood, 3 feet diameter, then in the middle fiic- 
a round perpsiidicular pt^ft, 4 feet high, and 2 inches 
diameter i round this poft fix 3 circular wheels, made 
of thin wood, without any fpokes. The largeft of thefe 
wheels muft be placed within 2 or 3 inches of the float, 
and muft be nearly of the fame diameter. The 2d wheel 
muft be 2 feet 2 inches diameter, and fixed at 2 feet di- 
ftancc from the tirft. The 3d wheel muft be 1 foot 
4 inches diameter, and fixed within inches of the top ' 
of the poft: the wheels being fixed, take iS four or 
8 ounce cafes, of brilliant fire, and place them round the 
firft wheel, with their mouths outwards, and inclining 
downwards ; on the 2d wheel place 1 3 cafes of the fame, 
and in the fame manner, as thofe on the firft ; on the 
3d place 8 more of thefe cafes, in the fame manner as 
before, and on the top of the poft fix a gerbe; then clothe 
all the cafes with leaders, lb that both thoy and the- 
gerbe may take fire at the fame time. Before you fire 
this work, try it in the water, to le;: if the float is pro-' 
perly made, fo as to keep the fountain upright. 
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Marron Batteries, 

If well managed, will keep time to a march, or a flow' 
piece of mufic. Marron batteries are made of feveral 
lUinJs, with a number of crofs rails, for the marrons, 
which are regulated bv-Ieaders, by cutting tiiem of dif- 
ferent leEigths, and nailing them tight, \f^ lool'e, accord- 
I irg to the tiine of the mufic. In mairon batteries you 
^ muft ufe the large and fmall matrons, and the nails for 
ihe pipes muft have flat heads. 

Line Rockets 

Are mide and drove as the /ky roc'^ets, but have no 
heads ; and the cafes mull: be cut clofe to the clay ; they 
are (bmetimes made with 6 or 7 changes, but in genera! 
not more than 4. or 5 : the method of managing thofe 

rockets is, — Firft, have a picccnf light wood, the length 
of I of the rockets, turned rnund about 2 f inches dia- 
niecer, with a hole through the middle lengthwife, large 
enough for the line to go eafih' through: if you defign 
4 changes, have 4 grooves cut in the fwivel, oneoppolite 
me other, to lay the rockets in. 

• T he mouths of the rockets being rubbed with wet 
ifieal powder, lay them in the grooves, head to tail, 
'.and tie them faft ; from the tail of the firft rocket carry 
'a leader to the mouth of thefecond, and from the fecond 
to tht third, and fo on to as many as there are on the 
;iWive!, making every leader very fecure ; but in fixing 
jirflefe pipes, take care that the quick-match does not 
enter the bores of the rockets : the rockers being fixed 
on the fwivel, and ready to be fired, have a line 100 yards 
long, flreiched and fixed up tight, at any height from 
the ground ; but be fure to place it horizontal : this length 
of line will do for i lb. rockets; bur, if larger, the line 
muft be longer: before you put up the line, put one 
end of it through the fwivel, and when you fire the line 
rocket, let the mouth of that rocket which you fire firft, 
face that end of the line where you ftandi then the firit 

rocket 
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rocket will carry the rett ro the other eml of ilic line, and 
tlie fecond will bring them Lack, and fj thc-y will run'^ 
out and in according to the number of rockets : ateacK. ! 
end of the line, there mull be a piece ot" fl^t wood, foi;' 1 
ihcrocket to ttrike againrt, or its tbrce will cut the line,,^j 
Let the line be well foaped, and the hole in ths fwlvelj " 
very fraooih. 

DiiFerent Decorations for Line Rockets, .r> 

To line rockets may be fixed great varicy, fuch as 'J 
flying dragons, mercuries, Ihips, &c. Or they may be"* I 
tnade to run on the line like a wheel, which is done in* \ 
this manner. Have a flat fwivel, made very exad:, and'^ 
on it tie two rockets obliquely, one on each fide, whiclj* 
win make It turn round all the way it goes, and form a'j 
circle of fire-, the charge for thcfe rockets ihuuld be a ' 
little weaker than common; if yon would (hew a dra-"! 
gons fighting, get 2 fwivels made fquare, and on each '■ 
lie 3 rockets together, on the under fide j then have i flyJI* 
ing dragons made of tin, and fix one of them on the tojj*'C< 
of each fwivel, fo as to ftand upright ; in the mouth of' 
each dragon put a fmall cafe of common fire, and ano- 
ther at the end of the tail ; you may put z or 3 port fires, 
of a ftrong charge, on 1 fide of their bodies, to fhcw 
them. This done, put them on the line, one at each 
end; but let there be a fwivel in the middle of the line, | 
to keep the dragons from ftriking together : before you'i^ J 
fire the rockers light the cafes on the dragons, and if cate'-^' 
betaken in firing both at the fame time, they will nieec,„j 
in the middle of the line, and feem to fight. Then they 
will run backhand return with great violence; v^hich will j*i 
have a very pleafing effeft. i he line forthefe rockecSi^,! 
muft be very long, or they will (Irikc too hard together, .nif ■ 

Chinese Flyers. ,1 

Cafes for flyers m^y be made of different fizes, from 

I to 8 ounces: they muft be made thick of paper, and 

Jt interior diameters long } they are rolled in the fame 

H manner ; 
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manner as tnurbitlons, wuh a Itraight 
jiin. hed c!ofe at one end. The method of filling them is, 
the cak; being put in a mould, whofe cylinder, or foot, 
inuft be flat at top without a nipple, fill it within { a dia- 
meter of the middle-, then ram in { a diiimeter of clay, 
on that as much compofidon aS before, on which drive 
I a diameter of clay ; then pinch the cafe clofe, and drive 
it down flat; after this is done, bore a hole exaftly through 
the centre of the clay in the middle ; then in the oppo- 
iite iides at bnth ends mike a vent, and in that fide you 
intend to fircfirfl; make a fmall hole to the compofition 
near the clay in the middle, from which carry a quick 
match, covered with a fiiigle paper, to the vent at the other 
end; then ^vhcn the charge is burnt on one fide, it will, by 
means of the quick match, communicate to the charge in 
the other, (which may be of a different fort). The flyers 
being thus made, put an iron pin, that muft be fixed in the 
work on which they are to be fired, and on which they are 
to run; throui^h the hole in the middle, on the end of this 
' pin, muft be a nut to l^eepthe flyer from running ofE I£i 
you would have them turn back again after they are burnl_ 
make both the vents at the ends on the fame fide, whicltt^ 
will alter its courfe the contrarv wav. 



Table Rockets 

Are defigncd merely to ftiew the truth of driving, and 
the judgement of a fire worker, they having no otlier 
effeft, when fired, than f[Mnni]ig round, in the fame place 
' where thev begin, till they are burnt out, and fhewing 
nothing more than an horizontal circle of fire. 

The method of making thefe rockets is— Have a con& 
turned out of hard wood, z 4 inches diameter, and as 
much high; round the bale of it draw aline; on this 
line fix + fpokes, 2 inches long eaoh, fo as to fland one 
oppofite theother; then fill 4 AJne-inch lib, cales, with 
any ftrimg compolition, within 2 inches of the top: thefe 
cafes are made like tourbillons, and muft be rariimed 
with the greatcft exadtnefs. 

Your rockets being filled, fix their open ends on 
the &Dtt fpokes ; then in the fide of each cafe bore a 

hole 
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hole near the tlay ; all thefe holes, or vents, muft be 
fo made iliat the fire of each cafe may act tht> fame way ; 
from thel'e venrs carry leaders to the i;Qp of the cone, 
and tie them cogc-ther. When you would tire the rockets^ 
fi-t tliem on a i'mooth table, and light the leaders in the 
middle, and all the cafes will fire togethei' (fee Fig. 38,) 
and rpin on the jioint of the cone. ; 

Thefe rockets may he made to rife tike toiirbillons, 
by making the cafes Ihurter, and boring 4 holes ifl the 
under fide of each at equal dii^ancw: this being done,* 1 
ihey are called Double TourbillonS. ., 

Note, all the vents in the under fide of the cafes muft 
be lighted at once ; and the fliarp point of the cone cut 
off, at which i)lace make it fphericai. 

To make Wheels and other Works 
iittombuftible. 

It being neccflliry, when your works are new, to i>aint 
ihemof forne dark colour; therefore, ifiiirtead of which, 
you make uic of the following com^^iofirion, it will give 
then^ good colour, and in a great meafure prevent 
their taking fire fo fooa as if painted. Take bi'ich dult, 
coal afhes, and iron filings, of each an equal quantity, 
arit* mix them with a double fize, made hot. With this 
wa(h over your works, and when dry waOi tl:cin over 
again-, this will preftrve the wood greatly ayainrt fire. 
Let the brick-durt and afiies be beat to a fine powder. 

Single Vertical Wheels. 

There arc different forts of vertical wheels, fome hav- 
ing their fells of a ciri-ular form, others of. an hexagon, 
ofiagon, or decagon form, or any numiier ot fides, ac- 
cording to she length of the cafes you defign for tbe 
wheel ; your fpokci being fixed in the navt, nail flii-s 
of tin, with their edges turned U|i, foasto form grooves 
for the cafes to lie in, from the end ut nnc fpoke to another; 
then tic your cafes in the grooves, head to ia.il, in the 
H z fame 
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tame manner as thofe on the horizontal water wheel, (o 
that tlie cafes fuccedively taking fire from one another^ 
will keep the wheel in an equal rotation. 1 wo of thefe 
wheels are very oft fired together, one on each fide of a 
building, and both lighted at the fame time, and all the 
cafes filled alike, to make them keep time tdgethet', ' 
which they will do if made by the following direflionfc 
_ In all the cafes of both wheels, except the firft, on each 
wheel, drive i or 3 ladles full of flow fire, in any part 
J of the cafes; but be careful to ram the fame quantity in 
"each cife, and in the end of one of the cafes, on each 
wheel, you may ram 1 ladle full of dead fire compofitioir, 
which rauft be very lightly drove; you may alfo make 
many changes of fire, by rhis method. 

Let the hole in the nave of the wheel be lined with 

brafs, and made to turn on a fmooth iron fpindle. On 

the end of rhis fpindle let there be a nut, to fcrew off and 

on J when you have put the wheel c^ the fpindle, fcrew 

, on the nut, which will keep the wheel from flying off. 

p:Lct the mouth of the firft cafe be a little raifed. See 

|fig. 39. Vertical wheels are made from 10 inches to 

- 3 feet diameter, and the fize of the cafes muft ^ffer 

accordingly; 402. cafes will do for wheels, of 14 or 

16 inches diameter, which is the proportion generally 

ufed. The bcrt wood for wheels of all forts, is a light 

and dry beech. 

Horizontal Wheels 

Are bell when their fells are made circular ; In the 
middle of the cop of the nave muil be a pintle, turned 
out of the fame piece as the nave, 2 inches long, and 
equal In diameter ro the bore of i of the cafes of the wheel : 
there mull be a hole bored up the centre of the nave, 
within { an inch of the top of the pintle. The wheel 
being made, nail at thp en.l of each fpoke (of which 
there Ihould be 6 or S) a piece of wood, with a groove 
cut in it to receive the cafe. Thefc pieces fix in fuch a 
mannerj that half the cafes mnv incline upwards, and 

bal£ 
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half downwards, an I that when they are tied on, their 
heads and tails may come very near together: from the 
tail of one cafe to the mouth ot the other carry a leader, 
ivhich fecure with paflcd paper. Befides thcfe pipes, 
it will be neceffary to put a little meal powder infidc 
the pafted paper, to blow off the pipe, that there may be 
no obftniAion to the fire, from the cafes. By means of 
thefe pipes, the cafes will fucceffively take, burning one 
upwards, and the other downwards. On the pintle fi)t 
a cafe of the fame fort as thofe on the wheel ; this cafe 
muft be fired by a leader, from the moi;ch of the laft cafe 
on the wheel, which cafe mull play downwards: inftead 
of a common cafe in the middle, you ihay put a cafe of 
Chinefe fire, long enough to burn as long as 2 or 3 of 
the cafes on the wheel • 

Horizontal wheels are oft fired 2 at a time, and made 
to keep time, like vertical wheels; only they are made 
without any flow or dead fire ; 10 or 11 inches will be 
enough for the diameter of wheels with 6 fpokes. Fig, 
40. reprefents a wheel on fire, \\ ith the firft cafe burnings 

Spiral! Wheels 

Are only double horizontal wheels, and made thus: 

The nave mu't be about 6 inches long, and fomewhat 

thicker than the finglefort; inllead of the pintle at top, 

niakea hole for the cafe to be fixed in ; and 2 fets of fpokes, 

one fet near the top of the nave, and the other near the 

bottom. At the end of each fpoke cut a groove, wherein 

you tie the cafes, there being no fell; the fpokes Ihould 

not be more than 3 i inches long each from the nave, 

fo that the wheel may v)()t be more than 8 or 9 inches 

diameter ; the cafes are placed in fuch a manner, that 

thofe at top play down, and thofe at bottom play up, 

but let the qd or 4th cafe play horizontally. 1 he cafe 

in the middle may begin with any of the others, you 

pleafe : 6 fpokes will be enough for each fet, fo that the 

wheel may confift of 1 2 cafes, befides that on the top : 

the cafes 6 inches each. 

H 3 Plural 
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Plural Wheels 

Are made to turn horizontally, and to confirt of 3 fets 
of Ipokes, placed 6 at top, f> at boitoni, and 4 in the mid- 
dle, which muft be a iirtle fhorter than the reft : let the 
dianiirter nf the wheel be 10 inches; the cafes murt lie 
tied on the ends of the fpoke?, in grooves cut on purpofe, 
or in pieces of wood nailed on the ends of the fpokes, 
with groovcb cut in them as ufiial : in clothing thefe 
^■wheels, make the upper fet of cafes play obliquely 

twnwards, and them at bottom obliquely upwards, 
d them in -the middle horizontally. In placing the 
leaders, you omit order it fo that the cafes may burn 
thus, viz. firfl: up, then down, then horizontal, and fo 
nn with the reft; but another change may be made, by 
I (Jtiving in the end of the eighth cafe, 2 or 3 laJles full 
^ of flow fire, to burn till the whei?! has flopped its coiirfei 
then let the other cafes be fixed the contrary way, which 
will make the wheel run back again : for the cafe at 
ti'p you may put a fmall gerbe ; and let the cafes on the 
fpokes be fhort, and filled with a ilrong brilliuiic charge. 

Illuminated Spiral Wheel. 

Firfl: have a circular horizontal wheel, made a feet 
diameter, with a hole quite through the nave; then take 
3 thin pieces of deal, 3 feet long each, and | of an inch 
oroadeach: one end of each of thefe pieces nail to the fell 
E'of the wheel, at an equal cliftance from one another, and 
f the other end nail to a block with a hole in its bottom, 
which mull: be perpendicular with that in the block of the 
■wheel, but not fo large. The wheel being thus made, 
have a hoop planed down very thin and flat ; then nail one 
end of it to the fell of the wheel, and wind it round the 
3 fliicks in a fpiral line, from the wheel to the block at top; 
on the top of this block fix a cafe of Chinefe fire; on the 
wheel you may place any number of cafes, wtich muft 
incline downwards, and burn 2 at a time. If the wheel 
ihould confiftof 10 cafes, you may let the illuminations 

and 
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afld Chtnefe fire begin with the fecond cafes. The fpindfc 
for this wheel muft be a little longer than the cone, and 
made very fmooch at top, on which the upper block is 
to turn, and the whole weight of the wheel to reft. 
See fig. 4 1, 

Double Spiral Wheel. 

For this wheel the block, or nave, muft be as lonj 
as the height of the worms, or fj>iral lines, but mul 
be made very thin, and as light as pofiible. In thiB 
block muft be fixed feveral fpokes, winch muft diminifli^ 
in length, from the wheel to the top, fo as not to exceed^ 
the furface of a cone of the fame he'ight. To the enda 
of thefe fpokes nail the worms, which muft crofe each 
other feveral times : thefe worms clothe with illumina-, 
tions^ the fame as thofc on the (ingle wheels; but the 
horizontal wheel you may clothe as you like. At top 
of the worm place a cafe of fpur-fire, or an amber light; 
See Fig. 42* This figure is fliewn without leaders, to 
prevent a confufion of lines. 

Balloon Wheels 

Are made to turn horizontally: they muft be made 
2 ftct diameter, without any fpokes, and very ftrong,. 
with any number of fides. On the top of a wheel rarge 
tind fix tin pots, 3 inches diameter, and 7 inches high 
tslph, as many of thefe as there are cafes on the wheel ; 
near the bottom of each pot make a fmall vent ; into each 
of thefe vents carry a leader from the tail of each cnfe ; 
fome of the pots load with ftars, and fome with ferpents, 
crackers, &c. As the wheels turn, the pots will fuc- 
ceffively b^ fired, and throw into the air a great variety 
of fires. 

Fruildni Wheels. 

Firft havetanave madq pinches long, and 3 in diame- 
ter: Itfaf the bottom of this nave fix 8 fix>kcs, mi\\ a 

Ha hole 
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,holc in the end of each, large enough to receive a 3 or- 
4 ounce cafe: each of ihefe fpokcs may be 1+ inches 
FJiig from the block. Near the top of this block fix 
>i more of the f^me fpokes, exciftly over the others, but 
not fo long by 2 inches. As this wheel is to run horizon- 
tally, all the cafes in the fpokcs at top mnft play obliquely 
upwards, and all them in ihe fpokts at bottom obliquely 
downwards. This being done, have a fmall horizontal 
wheel made with H fpokes, each 5 inches long from the 
block: onthetop of this wheel place a cafe of brilliant 
fire : all the cafes on this « heel mull play in an oblique 
dii'edtion downwards, and burn 2 at a time, and th'-fe 
on the large wheel 4 at a time ; that is, 2 of thole in thi 
lop fet of fpokes, and 2 of them in the bottom fet 
fpokes. 

The 4 firft cafes on the large wheel, and the 2 fii 
on the fmall, muft be fired at the fame time, and the 
trilliant fire at top, at the beginning of the lall; cafes. 
The cafes of the wheels may be 611ed with a grey charge. 
When thefe wheels are completed, you muft have a ftrong 
iron fpindlc, made 4 feet 6 long, and fixed perpendi- 
cular on the top of a Hand : on this put the large wheel, 
whole nave muft have a hole quite through from the bot- 
tom to the top. This hole muft be Urge enough to turn 
eafy round the bottom of .the fpindle, at which place 
there muft be a fhoulder, to keep the wheel from touch- 
ing the Hand: at the top of the fpindle put the fmalt 
wheel, and join it to a large one with a leader, in ordeci 

. to fire them both together. 
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Port-Fires for Illuminations 



Have their cafes made very thin of paper, and rolli 
on formers, from a to 5 8ths of an inch diameter, and 
are made from 2 to 6 inches long: they are pinched clofe 
at one end, and left open at the other: when you fill them, 
put in but a liftle compofition at a time, and ram it in 
lightly, fo as not to break the cafe: 3 or 4 rounds of pa- 
per, with the laft found pafled, will be ftrong enough 
for thefe cafes. Commoa 



Jena 



J 



F i R E W O r. K S. ,o^ 

Commor Port-Fires 

Lie intended nurpoieiy tc nre tnc works, their fim 
being very How, aiu tne neat of tne flame io incentey 
that, if ap})Aiec w rociceti. ieaaers, ice. i: wiL iirc them 
immeciiareh . Por: nrer mav be xnsuk of an\ length, but 
are feldonr- made mori mar. 21 mcncf ionp: rne interior 
diameter of port-nrt mnnicif fnouic m ic itMtti of an 
inch, and tiie diameter o: the former, j an inch. The 
cafes muft be: roliri". we: v. irh pafiL> anc one end ninchcd, 
C5T foldec: down. Tiu moulds fnouic im made of brafs 
and to take ii. 2 Diece^ iensrtmviu ; rnen, when the 
cafe is in the 2 fideb, rnc} are nek: roiretner b\ brafs rings, 
or hoops, which are macii: tc fi- over rne ourfide. The 
bore of the mouid muf. no: he made quite through, fo 
that there will oe no Dccai'ioL for ;• ft)ot. Thofe" port 
fires, when uied, are nelc n. copper fockers, fixed on the 
end of a long flick: thefe lockets are made like port 
crayons, only with a icrew, mfieac of l ring. 

Cafcada of Fire 

Are made of any fizt; but one made acro:-dinc to the 
dimenfions of thai fiiewx m Piatt 4.. Fig. 4;. wili be 
large enough for h oz caies. Let the difranrc from A 
to B, be 3 ieet ; rrjm B ro C, 1 fee: 6 inches: aivi from 
C D, 2 feet ; and it-: the crois ;)iece at A, hi 4 fee: i:>ng; 
then from each end :>f ir-Ab piecL, dr-tw ^ fme ra D; rhrn 
make the other cr:»ii :uf les K- \onr zh n- come \. Ichir 
thofe lines. The top piece D, niLv he of ar/ ]cng*v. ^o 
as to hcddtiie caies, at a lirtle diitance from ca.h o:hc: ; 
all the crofs pieces arc fixed honzontaily, and fiipporred 
by brackets ; the bortom croff piece ihoulc be aK-^ar 
I foot 6 inches broad in the middle, the fcco-^c] 1 ton-, 
the third 9 inches, and the top piece a ir^chcf : the o«ks 
may be made of a^v length, but nr/jll^be filled \v:rh r hnl- 
liant charge. On the edges of the crois pjccrs ri^-.i* b" 
polled bits of wofd, with a groove cur \z c;.ch r;> -- '«^p:^ 

c;:ojch 
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enough for a ate to lie in. Thefe bits of wood are iuced 
& as to tttcline doivnwards, aod tbat the 6re hom ooe 
tier of cafe* may play over the other. A!! the cafes beiDg 
tied ia&txiy cany leaders from one to the other, and let 
there be a pipehaog ftom the mouth of one of the cafes 
covered at the end with a fingic paper, wfaich you bum 
to fire the cafcade. 



1 



The Fire-Tree. 



i 



To make a fire-tree, as Piewn by Fig. 44. you muft 
firft have a jriecc of wo d 6 feet long, and 5 inches fquare ; 
then at E, 4 inches from the top, make a bole id the 
front, aoH in each fide; or, inflead of holes, you may fix 
ftwft pegs, to fit the infide of the cafes. At F 9 inches 
from E, fix 3 more pegs; at G, i foot 9 inches from F, 
fix 3 [legs; at H, y inches from G, fix 3 pegs ; at I, 9 in- 
ches fiomH, fix 3p^s, inclining dounwards; but all 
the other pegs muft incline upwards, that the cafes may 
have the fame inclination as you fee in the figure : then 
at top place a 4-inch mortar, loaded with fbrs, rains, or 
crackers. In the middle of thi'^ monar place a cafe filled 
■with any fott of charge, but let it be fired with the 
other cafes: 3 brilliant charge will do for all the cafes ; 
but the mortar may be made of ?.ny diameter, and the 
tree of any fize ; and on it any number of cafes, provided 
*hey arc placed in the manner dellribed. 

Chinefe Fountains. 

To make a Chinefe fountain, you muft have a perpen- 
dicular [licceof wood. 7 feet long, and i \ inches fquare. 
16 mches from the top, fix on the fro- 1 a crofs piece 
1 inch thick, and 'Abroad, with the bread fide up: 
l>elow this, fix 3 more pieces, of the fame width and 
tK/:kaefs, at 16 inches from each other: let the bottom ■ 
vail 'ae , feet long, and the others of fuch a length as to ' 
allow Jiefire pumpstoliaud in themiddleof the inter-" 
yaU of ticV other The pyramid being thus made, fix 
in the hoVs ma^e in the bottom rail, 5 fire pumps at 

equal 
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equal djAances : on the 2d rati place 4 pumps ; oq the 
3d, 3 ; on ihe 4th, 2 ; and on the top of the poft, l : but 
place them all to incline a little forwards, that, when 
they throw out the ftars, they may not ftrike againft the 
crufe rails. Having fixed your fire pumps, cloche them 
m "Wich leaders, lb that they may all be fired together. 

wt^^ Fig. 45. 

w 



}i Illuminated Globes with Horizontal 
Wheels. 



The hoops for thefe globes mav be made of wood, 
tift, or iron \\ire, about 2 feet diameter. For a (ingle 
^obe take 2 hoops, and tie them together, one within- 
the other, at ripht angle»; tiien have a horizontal wheel" 
made, whofe diameter mull lie a little wider than the 
gibbe, and its nave 6 inches long, en the top of which 
the globe is fixed, fo as to ftand 3 or 4 inches from 
the wheel: on this wheel you may put any number of 
cafes, filled with what charge you like; but let 2 of them 
burn at a time: they may be placed horizontally, or to 
incline downwards, juft as you chufc. Now, when the 
wheel is clothed, fix on the hoops as many ilhiminationi 
ai will ft.md within 1 i inches of each other; thcfe you' 
faften on the hoops with fmall iron binding wire; and-' 
when they are all on, put on your pipes of communica- 
tion, which muft be fo managed, as to light them all with ■ 
the ad or 3d cafe on the wheel. The fpindle on which • 
the globe is to run muft ^o through the block of the 
wheel, up to the infide of the top of the globe, where 
muft be fixed a bit of brafs, or iron, with a hole iii' 
it to receive the point of the fpindle, on which the 
whole weight of the wheel is to bear, as in Fig, 46, 
which reprefcnts agiobeon its fpindle. By this method' 
may be ra^de a crown, which is done by having the 
hoops bent in the form of a crown. Sometimes globes 
and crowns are ordered fo as to ftand rtiil, and the 
vhee] only to turn round; but when you would 

Lglotw or-vrowii to ftand Jlill^ and the wheel 
: 
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to run byiilelf, the block of the wheel mufl not be P> 
long, nor the fpindle any longer than to juft raife ihc 
globe a little above the wheel; and the wheel cafes and ^ 
illumination muft begin together. " 

Dodecaedron. 

So called becaufe it nearly reprelents a f.velvc-fidcd 
figure, and is made thus. Firft have a ball turned out of 
fome hard wood, 14 inches diameter: when done, divide 
its furface into 14 equal parts, frona which bore holes 
1 I inch diameter, perpendicular to the centre, fo that 
they may all meet in the middle: then let theie be turned 
in the infide of each hole a female fcrew ; and to all the 
holes, but one, miifl be made a round fpoke 5 feet long, 
with 4 inches of the fcrew at one end, to fit the hoks; 
then in the fcrew end of allthefpokcsborea hole, 5 inches 
up, which muft be bored IVnting, fo as to come out at 
one fide, a little above the fcrew ; from which cut a 
fmall groove along the fjioke, within 6 inches of the 
other end, where you make another hole through to the 
other fide of the fpoke: in this end fix a fpindle, on 
which put a fmall wheel, of :{ or 4 fides, each fide 6 or 
7 inches long: thefe fides muft have grooves cut in them, 
large enough to receive a 2 or 4 oz, cafe : when thefe 
wheels are clothed, put them on the fpindlcs, and at the 
end of each fpindle put a nut to keep the wheel from 
falling off: the wheels being thus fixed, carry a pipe 
from the mouth of the firft cale on each wheel, thro' the 
hole in the fide of the fpoke, and from thence along the 
groove, and through the other hole, fo asio hang out at 
rhe fcrew end about an inch. The fpokes being all pre- 
pared in this manner, you muft have a poft, on which 
you intend to fire the work, with an iron fcrew in the 
top of it, to fit one of the holes in the ball : on this fcrew 
fix the bull; then in the top hole of the ball put a little 
meal powder, and fome loofe quick-match ; then fcrew 
in all the fpokes, and in one fide of the ball bore a hole, 
in which put a leader, and fccure it at the end-, and your 
work will be ready to be fired. By this leader the pow- 
der 
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• and match la the centre is fired, which will lighc 
the match at theendsofthefpokes all at once, where- 
by all the wheels will be lighted at once. There may 
ran addition 10 this piece, by fixing a fmall globe 
each wheel, or i on the top wheel only. A grey 
HgewiJl be proper for the wheel cafes. 



The Yew Tree of Brilliant Fire 



Is reprefented by Fig. 47. as it appears when burninEj. 
Firft, let A be an upright piece of wood, 4 feet long, 
;z inches broad, and i thick: at rop of tliis piece, on the 
flat fide, fix a hoop, 14 inches diiimeter; and round its 
edge and front place illuminations; and in the centre a 
5-pointed ftar; then at K, which is i f foot from the 
edge of the hoop, place 2 cafes of brilliant fire, 1 ort 
each fide: thefe cafes Ihoidd be i foot long each : below 
thefe fix 2 more cafes of the fame fize, and at fuch adi-' 
ftance, that their mouths may almolt meet them at top : J 
then, clofe to the ends of thefe cafes, fix 2 more of 
the fame cafes; they muft ftand parallel to them at E. 
The cafes being thus fixed, clothe them with leaders-, fo, 
that they, with the illuminations and ftar at cop, may all 
take fire together. 

Stars with Points for Regulated Pieces, Scc,4 ] 

Thefe ftars are made of different fixes, according to • 
the work for which they arc intended; they are made I j 
with cafes from 1 oz. to lib. but in general with 407, -" 
cafes, 4. or 5 inches long: the cafes muft be rolk-d wirK 
parte, and twice as thick of paper as a rocket of the fame ■ 
bore. Having rolled a cafe, pinch one end of it quire * 
clofe ; then drive in 4 a diameter of clay, and when the ' 
cafe is dry, fill it with compofition, 2 or 3 inches, to »J 
the length of the cafes, with which it i« to Inirn: at top ^'1 
of the charge drive fome clay; as ihe ends of thefe cafes J I 
are feldom punched, they would be liable to rake fire, t r 
Having filled a cafe, divide the circumference of if at the .t ^ 
jjinched end clofe to the clay into 5 cqiui pjrts-; then-* 
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bore 5 holes uith a gimblet, about tlie fize of tlit nec£ 
I of a common 4 oz. cafe, into the compofirion : from one 

hole to the other carry a qiiick-match, and fecure it with 
L paper; this paper muft be put on in the manner of that 
t on the ends of wheel cafes, fo that the boHow- part, whicb 
' "projefts from the end of the cafe, may ferve to receiva 

a leader from any other work, to give fire to the point*. 

of the ftar, Thefe ftars may be made with any numbi ' 

of points. 
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Fixed Sun with a Tranfparent Face- 
To make a fun of the beft fort there fiiould be 2 row* 
i cf cafes, as in tig. 48, which will Ihew a (ioubJe glory, 
I and make the rays ftrong and full. The frame, or fun 
f- -wheel, rauft be made thus: Have a circular flat navo 
f made very ftrong, iz inches diameter: to this fix 6 ftrDn|| 
' flatfpotes. A, B, C, D, E, F. On the front of thefe 
^fix a circular fell, 5 feet diameter ; within which fiJC 
[ another fell, the length of one of the fun cafes lefs in dia- 
'metcr; within this fix a 3d fell, whofe diameter rfiiuft: be' 
iefs than the zd, by the length of i cafe and i 3d. Thi 
wheel being made, divide the fells into fo many equi 
tarts as you would have cafes (which may be done fron» 
041044): at each divifion fix a flat iron ftaple: thefe 
ftaples muft be made to fit the cafes, to hold them faff 
on the wheel : let the ftapks be fo placed, that one 
row of cafes may lie in the middle 01 the intervals of 
the other. 

In the centre of the block of the fun drive a.f^»indle, 
on which put a fmall hexagon wheel, whtife 'totfes 
muft be filled with the fame charge as the cafes of 
the fun: 2 cafes of this wheel muft burn at a time, 
and begin with them on the fells. Having fixed on 
all the cafes, carry pipes of communication A'om one 
to the other, a^: you fee in the figure, and from oiae fide of 
the fun to the wheel in the middle, and from thence to- 
the other fide nf the fun. Thde leaders will told the 
;up, and' will' alfo 
be 
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be s furc method of lighting both cafes of the wheel to- 
gether. A fun thus made is called a Brilliant fun, becaufe 
a^Q wood work is intirely covered with fire from the 
wheel in the middle, fo that there appears nothing but 
^}ar)cs of brilliant fire: but, if you would have a Tranf- ' 
parent face in the centre, you muft have one made of " 
' pafteboard, of any (ize. Themethodof raakJnga face is, ' 
by cutting out the eyes, nofc, and mouth, for the f^^arks of 
the wheel to appear through ; but, inftead of this face, ' 
you may have one painted on oiled paper, or Perfian filk, 
flrained tight oa a hoop; which hoop muft be fuppnrt«l 
by 5 or 4 pieces of wire at 6 inches diftance from the ' 
■wheel in the centre, fo that the light of it may illuminate ' 
the face. By this method you tnay have, in the front of 
a fun, VjVAT Hex, cut in i>afteboard, or Apollo painted • 
on filk; bur, for a fmall coUeftion, a fun with a fingic ' 
glprjr, and a v\ heel in front, will be moft fuitable. { lb. ' 
cafes, filled lo inches with compofition, will be a good * 
fize for a fun of 5 feet diameter; but, if larger, tiie cafes * 
mud be greater in proportion. 

Three Vertical Wheels illuminated, which ;- 
turn on their own Naves upon a Hori-: -. 
zontal Table. 

A plan of thisis Ihewnby Fig. 49. Let Dbeadcal 
table ^ feet f diameter : this table mufl be fixed hori- 
zontally on the top of a poft; on this pcft muft be a per- 
pendicular iron fjiindle, which mu'l come throu'^h the 
centre of the table : then let A, B, C, be ^ fpnkos joined 
lo a triangular flat piece of wood, i'l the middle of which 
make a hole to fit ealily over the fpindlc: let E, K, G, 
be Lieces of wood, 4 or 5 inches long each, and 
a inches fquare, fued nn the under fides of the fpokes; 
in thele pieces make holes Icngthwife to receive the thin 
pift of the bloc s of the -wheels, which, when in, arc 
prevented from coming out by a fmall iron pin being run 
thigygh the eiidgf each. K, L, M, are 3 vertical oftjgon 

"- ^ wfaeels. 
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whcds,i8 inches diameter each : the Mocks of thefcwheel* 
f inuft be long enough for :i or 4 inches to reft on the table 
. round which pare drive a numb<:r of Iharp points ofwi 
which muft not projeift out of the blocks more thai 
J 1 6th of ail inch: the ufe of thefe points is, that, whetT 
, the blocks run round, they will ftick in the table, and 
help the wheels forward: if the naves are made of Itrong 
wood, one inch will be enough for the diameter of the 
' thin part, which fliould be made to turn eafy in the holes 
' in the pieces E, F, 'i. On the front of the wheels make 
[ 4or 5 circles of ftrong wire, or tiat hoops, and tie 01 
,them as many illuminations as they will hold at 2 irtchi 
from each other: inftead of circles, you may make f|)iral4 
lines, clothed with illuminatinns, at the fame diftancf ' 
irom each other as thofe on the hoops. When illumina- 
tions are fixed on a fpira! line in the front of a wheel, 
they mull be placed a little on the flant, the contrary way 
that the wheel runs: the cafes for thefe wheel i may be 
I filled with any coloured charge, but muft burn only one 
at a time. 

The wheels being thus prepared, you muft have 
globe, crown, or fpiral wheel, to put on the fpindle 
the middle of the table: this fpindle fliould be ]Lift lonj 
enough to raife the wheel of the globe, crown, or fpir; 
wheel, fo high that its fire may play over the 3 vcrticaf 
wheels: by this means their fires will not be confufed, 
nor will the wheels receive any damage from the fire 
of each other. In clothing this work, let the leaders 
be fo managed, that M the wheels may light together, 
and the illuminations after z cafes of each wheel are 
burnt. 
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Illuminated ChcindeUtr. 

Illuminated works are much admired by rhe Italians, 
t and indeed are a great addition to a collciftion of works:' 
in a grand exhibition an illuminated piece fliould be fired 
after every 2 or ^ -wheels, or fixed pieces of common ami 
brilliant fifesj and likewife illuminated works may be 
madechcip, quick, and eafv, 

Tj 
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*to make an illuminated chandelier, you miift fiffthave 
one made of thin wood. See Fig. 50. The chandelier 
being made, bore in the front of the branches, and in 
thebody^ andalfo in the crown at top, as many holes for 
illuminations- as they will contain, at 3 inches diftancc 
fitDm each other: in thefc holes put illuminations filled with 
white, blue, or brilliant charge. Having fixed in the 
port fires, clothe them with leaders, fo that the chande- 
lier and crown may light together* The fmall circles' 
on this figure reprefent the mouths of tlie illuminations^ 
which muft proje^it ftrait from the front. 

Illuminated Yew-Tree* 

» 

Firft have a tree made of wood, fuch as is fhewn 
by fig* 51. The middle piece, or ftem, on which the 
l^ncnes are fixed, mufl be 8 feet 6 inches high: at the 
bottom of this pierce draw a line, at right angles, 2 feet 
6 inches long at each fide; then from L, which is i foor 
6 inches from the bottom, draw a line on each fide to 
C and D: thefe lines will give the length of the i, firft bran- 
ches. -Then put on the z top branches parallel to them 
at'bottom: let the length of each of thefe branches be i fopC 
from the: ftem : from the ends of thefe > branches draw a 
line to C and D: then fix on 5 more branches at an = 
difiance from each other, and their length will be deter- 
by the lines A C and E D. When the branches 
fixed, place illuminating port fires on the top of each, 
assmn^ as you chufe: behind the top of the ftem faftcna 
gerbe, or white fountain, which muft be fired at the 
beg^noing of the illuminations on the tree. 

" Flaming Stars with Brilliant W]ieels. 

To make a flaming ftar, you murt fir have made a 

circular piece of ftrong wood about i inch thick and 

2 feet diameter: round this block fix 8 points, 2 fcec < in- 

ches long each ; 4 of thefe points muft be rtraij^ht, ai.d 4 

flaming: thefe points being joined on very ftrong, and even 

I wiih 
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with the furface of the block, nail tin or paftcboard 
on their edges, from the block to the end of each^ 
where they muft be joined: this tin muft projedt in front 
8 inches, and be joined where they meet at the block } 
round the front of the block fix 4 pieces of thick iron 
■wire, 8 inches long each, equally diftant from each 
other: this being done, cut a piece of pafteboard round, 

2 feet diameter, and draw on it a ftar, as may be feerv 
in Fig. 52. This rtar cut out, and on the back of ir 
pafte oiled paper; then paint each j>oint half red^ and 
haU yellow, lengthwifej but the body of tlie ftar mult 
be left open, wherein muft run a brilliant wheel, made 
thus; Have alight block turnedtj inches long; at eacli 
end of it fix 6 fpokcs ; at the end of each fpoke put a 

3 oz. cafe of brillianr fire: the length of rhefe cafes muft 
be in proportion to the wheel, and the diameter of the 
wheel vvhen the cafes arc on muft be a little lefs than the 
diameter of the body of the fmall ftar: the cafes on the 
fpokes in front muft have their mouths incline outward^ 
and them on theinfide fpokes muft be placed fo as to 
form a vertical circle of fire. When you place your 

[ -Jeadersj carry the firft pipe from the tail of i of the cafes 
- ia front to the mouth of i of the infidc cafes, and from 
the tail of that to another in front, and fo on to all the 
cafes. Your wheel being made, put it on a fpindle, in 
the centre of the ftar; this fpindle muft have a fhoulder 
»t bottom, to keep the wheel at a little diftance from the 
block. This wheel muft be kept on the fpindle by a nut 
at the end; having fixed on the wheel, fallen the tranf- 
parent ftar to the 4 pieces of wire: when you fire it, you 
will imly fee a common horizontal wheel; but when the- 
firft cafe is burnt out, it will fire one of the vertical cafes, 
■which will ftiew the tranfparent ftar, and fill the large 
flames and points with fire; then it will again appear 
. Hke 3 common wheel, and fo on for 1 2 changes. 
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Toucli- Paper for Capping of SerpentJ, 

Crackers, See. 

DiflbJve, in fpirlts of wine or vinegar, a little faltpefre] 
then take fome purple or blue paper, and wet it with 
this liquor, and v^hen dry it will be fit for ufc; wlieri j 
you palte this paper on any of your works, rake care ( 
■that the pafte does not touch that part whiL'h is to'bum. *' 
The method of ufing this paper is by cutting it into flips, J 
long enough to go once round the mouth of a fcrpcnf, 
cracker, ficc. When you pafte on thefe flip*, leave a " 
tittle above the mouth of the cafe not paOcd; then primes 
the cafe Avilh meal powder, and twift the paper to a ' 
pcnnt. 

Pt^e^ed Regulated Piece of Nine Mu-- '' 
tations. 

*• A regulated piece, If -well executed, is as curious a j 
work 33 any in fireworks : it confifts of fixed and move- ', 
able pieces on one fpindle, reprefenting various figures, 
W^cb take fire fucceflively one from another, without ' 
*ny aiEliance after lighting the firft mutation ; hut, for ^ 
the better explanation of this piece, I fhall give a fujl ^ 
defcriplion of the method of communicating the fire frotji ■ 
one mutation to the other, with a figure of each as the^ « 
ftaod on the fpindle. Regulated pieces are made of many • 
kinds, and of any number of mutations, from : fo g, 
which is the greateft number I tver knew a piece to con- 
fift of, except one of my own ma ing, which was com- , 
pofed of I h mutations, all diffu-ient fires and fi>i\ires': : 
DU^ as an explanation of fo large a piece woul-^ be diffi- 
cult to comprehend, I ftial! omit it, leaving fo many ' 
changes to thufe who have made a great pr^'grds in this J 
art, and only teach the manner of ma' ing a piece of u mu- 
tations, as (hewn in Plate V, Fig. 53. As it will be ne- 
«»ffary that every mutation ftiould U fepatately espJained, , 
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I fliall firft give the name of each, with the colour of firc^ 
,and fize of the cafe belonging to it ; after which procctd 
with the proportion of each mutation, with the nature of 
the Ipindle, and placing the leaders. 



Firft Mutation 



d 



Is a hexagon vertical wheel, illuminated in front 
imall port fires tied on the fpokes ; this wheel muft 1^ 
clothed with 2 oz. cafes, filled with black charge ; the 
length of thefe cafes is determined by the fize of the 
wheel, but mufl burn fingly. , 

Second Mutation J 

Is a fixed piece, called a Golden Glory, by reafon tff 
the cafes being filled with fpur-fire ; the cafes muft fland 
peipendicular to the block on which they are fixed, fo- 
that, when burning, they may reprefent a glory of fire: 
this mutation is generally compofed of 5 or 7 z-oz. cafes. 



Third Mutation 



Is moveable, and is only an oftagon vertical whe^ 
clothed with 4 oz. cafes, filled with brilliant charge ; 2 ot 
thefe cafes mufl burn at a time : in this wheel you may 

make changes of fire. 

Fourth Mutation 

, Is a fixed fun of brilliant tire, confiflirg of 1 2 4-oz. 

.cafes; the necks of thefe cafes muft be a little larger than 
thofe of 4 oz. wheel cak-a: in this niiitation may be made- 
a change of fire, by filling the cafes half with brilliarit 

jCHarge, and half with grej'. 

.-^..f ;, Fifth Mutation ', 

jl' 'Isfeifixed piece, called tlic Porcupine's Quills; this 
^•fnitX confifts of 1 2 fpokesi ftatiding perpendicular to 

the 
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die block in which th^y are fixed; on each of thefe fpoies^ 
near the end, muft be placed a 4 oz. cafe of brilliant fire ; 
all thefe cafes muft incline either to the right or left» fo 
that they may all play one way. 

Sixth Mutation 

Is a ftanding piece, called the Crofs Fire. This muta^ 
tioa confifts of 8 fpokes fixed in a block ; near the end 
of each of thofe fpokes muft be tied 2 4-oz. cafes of white 
charge, one acrofs the other, fo that the fires from the 
cafes on i fpoke mty interfed the fire from cafes oa 
the other. 

Seventh Mutation 

Is t fixed wheel, with 2 circular fi^Us^ on which are 
placed 16 8-ounce cafes of brilliant fire, in the form of a 
fiar; this piece is called a Fixed Star of Wild-fire. 

Eighth Mutation, 

This is a beautiful piece, called a Brilliant Star-piece : 
it confifts of 6 fpokes, which are ftrengthened by 2 fells 
pf a hexagon form, at fome diftance from each other; at 
t:he end of each fpoke^ in the front is fixed a brilliant 
•^r of 5 points ; and on each fide of every ftar is placed 
a 4 oz« cafe of black or grey charge ; thefe cafes muft 
be placed with their mouths fideways, fo that their fires 
may crofs each other. 

Ninth Mutation 

Is a wheel piece : this i§ compofed of 6 long fpokes, 
vAih a hexagon vertical wheel at the end of each ; thefe 
itrheels run on fpindles m the front of the fpokes ; all the 
wheels are lighted together: 2 oz. cafes will do for thele 
!Vhed9| 4p4 m&y be filled with any coloured charge. 
' .•■■ ' *:.- ■ 'I 3 ^' . After 
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. A^ ^fl^ng fpoke of tl^efeveral parts of the regulated 
jdec^ aiLch. by their proper Qamesand colour of fire, I 
fhall next proceed with the proportion of every mutation, 
with the method of conveying the fire frbm ohe to the 
other, and the diftance they il^d on^ frorn the -bther on 
the fpipdlet 

Firft Mutation 

Muft be a hexagon vertical wheel, 14 inches diameter; 
en oneiide of the block, whofe diameter is 2 I inches, is 
fixed a tin barrel. A, fee Fig* 53, No, i. this barrel muft 
be a little lefs in diameter thaq the nave ; let the length 
of the barrel and block be 6 inches. Having fixed tfie 
cafes on the wheel, carry a leader from the tail of the 
)aft cafe into thft tin barrel through a hole made on pur- 
.'pofei 2 inches from the block *, at the end of this leader 
Jet there be about i inch or 2 of loofe match; but take 
taure to fecure well the hole wherein the pipe is put, to 
prevent any fparks falling in, which would light the 
lepond inyt^tipn before its time, and confufe the whole. 

Second Mutation 

Is thus made^ Have a nave turned 2 | inches diiame- 
fer, apd ^ long; i^hen let | an inch pf that end v^hich 
faces the firft wheel be turned fo as to fit eafy into the 
tin barrel of the firft mutation, which muft turn round 
it without touching I pn the other end of the block fix 
a tin barrel, B» N*. 2, this barrel muft be 6 inches long^ 
^nd only | an inch of it to fit on the block. Round the 
pave fix 5 fpokes, ; f inch long each ; the diameter of 
the fpokes muft be equa) to ^ a pz- former ; on thefe 
fpokes put 5 7-inch 2^.oz. c^fes of fpur fire, and carry 
leaders from the mputh of one to the other, that they may 
all light together; then from tlje mouth of i of the cafes, 
carry ^ le^^r through a bple tfored fjlaptv^avs in the nave, 
^om between the fpokes, to the front pf the block near 
ikp fpii^dle hole: the end pf ti^ Ip^d^r ipu|l prpjeft out 

of 
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of the hole into the bairel of the firft mutation, (o that 
when the pijie which come? from the end of the laft cafc 
on the firft wheel flaihes, it may take fire, and light the 
ad mutation. To communicate the fire to the 3d mu- 
TatioQ, bore a hole near the bottom of one of the 5 cafes 
to the compofition, aod from thence carry a leader into 
1 hole made in the middle of the barrel B; this hole muft 
be covered with palled paper. 

Third Mutation 

May be either an oiftagon or hexagon wheel, 20 inches 
diameter; letthe nave be 3 ^ inches diameter, and 3 i in 
length ; 1 f inch of the front of the nave muft be made to 
fie in the barrel B. On the other end of the block fix a 
dn barrd, C, N**. 3. this barrel muft be 6i inches in length, 
one inch of which muft fit over the block. The cafes 
of this wheel muft "burn 2 at a time; and from the mouths 
of the 2 firft cafes carry a leader, through holes in the 
nave, into the barrel of the fecond mutation, after the 
ufual manner; but befides thefe leaders let there be a pi|>e 
go acrofs the wheel from one firft cafe to the other; then 
from the tail of one of the laft cafes carry a pipe into a 
hole in the middle of the barrel C : at the end of this pipe 
let there hang f^jrac loofe quick match. 

Fourth and Fifth Mutations. 

I ftall here fpeak of thofe 2 mutations under 1 head, 
as their naves are made of i piece, which from E to F 
is 14 inches; E, a block 4 inches diameter, with 10 or 
12 Ihortfpokes, on which are fixed 1 1 inch 8 oz. cafes : 
let the front of this block be made to fit eafy in the bar- 
rel C, and clothe the cafes fo that they may all light to- 
gether ; and let a pipe be carried through a hole in the 
block into the barrel C, in order to receive the fire from 
the leader brought from the laft cafe on the wheel. G» 
the nave of the 5th mutation, whofe diameter muft be 
4 J inches : in this nave fix 1 o or 12 fpokes 1 ^ foot ii> 
1 4 l«igt(fc' 
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lenp.tii eaeli ; tbefc fi-okcs irvll Hand 7 irtbes diftant 
{rom the i'|>okes of the 4th mutation j and at the end o£ 
each fpoke tie a 4 oz. cafe, as N" 5. all thefe cafes are to 
be lighted together, by a leader brought from the end 
of I of the calc* on N «. 4. Let F and H be of the iame 
piece of wood as E and G, but as much thinner as pofliblc, 
to make the work light. 

Sixth and Seventh Mutations. 

The blocks of ihefe 1 mutations are turned out of 
I piece of wood, whofe length from F to P is 15 inches* 
L, a block 5 inches dianieter, in which arc fixed 8 (pokes, 
each 2 foot 4 inches Icng ; at the end of each fpoke tie 
. 24 oi^ cafes, as N". 6. all thefe cafrs miift be fired at 
the fame linie. by a pipe brought from the end of one of 
the cafes on the 5th mutation. I et the diflance between 
the fpokes at L and thcfe in the 5th mutation be ; inches. 
M, the nave of the 7th mutation, whofe diameter tnufl be 
5 I inches; in this nave fix 8 fpokes, and on the front of 
them 2 circular fells, i of 4 feet ."i inches diameter, and i of 
3 feet II diameter; on thefe fells tie 16 S-oz. or pound cafes 
as in N". 7. and carry leaders from one to the other, fo that 
they may be all fired togetlicr. This mutation niuft be 
fired by a leader brought from the tail of one of the cafes 
on the fixth mutation. 

Eighth and Ninth Mutations, 

The blocks of thefe may be turned out of one piece, 
whofe length from I' to D murt be 12 inches. O, the 
block of the 8th mutation, which muft be 6 inches dia- 
meter, and in it fixed 6 f|>ok£S, each 3 feet in length, 
ftrengihened by an hexagon fell within 3 or 4. inches of 
the ends of the fpokes ; clofe to the end of each fpoke, 
in the front, fix a five-pointed brilliant ftar; then 7 inches 
below each ftar, tie 2 lo-inch 8-oz, cafes, fo that the 
upper fends of the cafes may reft on the fells, and their 
ends on the fpokes ; each of thefe cafes muft be placed 
parallel to the oppofite fell. See N*". S. NNN, &c. arc 
the cafes, and kkk, he, the flats. 

The 
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The 9th mutation is thus made. Let D be a block 7 
inches diameter i in this block muft be fcrewed 6 I'pokes, 
6 feet long each, wiiK huEes and grooves for leaders, as 
thofe in the dodecaedron ; at ihe end of each fpoke, in 
the front, fix a fpindle for a hexagon vertical wheel, 
10 inches diameter, as in N". 9. When thefe wheels are 
on, carry a leader from each into the block, fo that thejr j 
may all meet ; then lead a pipe from the end of i of the 
cafes of the 8th mutation, through a hole bored in th? 
block D, to meet the leaders from the vertical wheels, 
fo that they may all be fired together. 

The fi'indles for large pieces are required to be made 
Tery ftrong, and as cxaA as potTible: for a piece of 
Q mutations, let the fpindle beat the large end i inch dia- 
meter, and continue chat thicknefs as far as the 7th muta- 
tion, and from thence to the 5th ^ let its diameter be | of 
9n inch; from the fifth to the fourth, 5 8ths of an inch; , 
from the fourth to the fecond, { an inch ; and from the 
fccond to the end, 3 - ths of an inch : at the fmall end 
piuft be a nut to keep on the fir. I wheel, and at the thick 
end muft be a large nut, as Ihewn by the figure ; fo that 
the fcrew part of the fpindle being put through a port, and 
a nut fcrewed on tight, the fpindle will be held fall and 
fteady; but you are to obferve, that that part of the fpin- 
dle, on which the moveable pieces are to run, be made 
long enough for the wheels to run eafy without fticking j ■ 
the fixed pieces being made on difterent blocks, the lead- 
ers muft be Joined, after they are fixed on the fpindle. 
The beft method of preventing the fixed mutations from 
moving on the fpindle, is, to make that part of the fpini ', 
die which goes through them fquare ; but as it would be 
difficult to make fquare holes through fuch long blocks 
as are fomecimes required, it will be bed to make them ■ 
thus : Bore a round ho|e a little larger than the diameter ' 
"of the fpindle, and at each end of the block over the i 
hole, fallen a piece of brafs with a fcjuare hole in it to ■ 
' £t the fpindle. 



To 




l2S 



ARTIFICIAL 



. To make an Horizontal Wheel change 
to a Vertical Wheel with a Sun 
Front. 

The fudden change of this piece is very pleafing. and 
gives great furprifc to thufe who are not acquainted with 
the contrivance. A wheel for this purpofe Ihould be 
about ^ feet diameter, and its fell circular, on which tie 
16 half-pound cafes filled with brilliant charge; 2 ofthefc 
cafes raufl burn at a time, and on each end of the nave 
muft be a tin barrel of the fame confirutftion as thofe on 
the regulated piece ; the wheel being completed, prepare 
tbepoftor Hand thus: firrt have a ftand made of any 
' height, about 3 or 4 inches fquare; then faw off from 
the top, a piece 2 feet longi this piece join agaiu at the 
place where it was cut, with a hinge on one fide, fo that 
It may lift up and down in the from of the Hand, then fix 
on the top of the bottom part of the ftand, on each iide 
a bracket : thefe brackets muft projet^t at right angles 
with the ftand, i foot from the front, for the ihort piece 
to reft on ; but thefe brackets muft be placed a little above 
the joint of the poft, fo that when the upper ftand falls, 
it may lie between them at right angles with the bottom 
ftand, which may be done by fixing a piece of wood, 
J foot long, between the brackets, and even with the top 
of the bottom ft&pd ; then, as the brackets rife above the 
tottora ftand, they will form a channel for the (bort poft 
to lie in, and keep it fteady without ftraining the hinge: 
on the fide of the ihort poft oppofite the hinge, nail a piece 
of wood, of fuch a length, that, w hen the poft is perpen- 
dicular, it may reach about i | foot down the long poft, 
to which being tied, it will hold the ftiort ftand upright ; 
the ftand being thus prepared, in the top of it fix a fpindli' 
10 inches long; on this fpindle put the wheel, then fix 
on a brilliant fun with a fingle glory; the diameter of 
this fun muft be 6 inches lefs than that of the wheel. 
When you fir? this piece, light the wheel firft, and let it 
°- run 
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run Wiiontally till 4 cafes are confumed; then from the 
end of the 4th cafe carrya leader iiitothetin barrel that 
tunjsover the end of the rt3nd;this leader miift be met by 
another brought through the top of the poft, from a caie 
filled with a ftrong port-fire charge, and tied to the bot- 
tom poft, with its mouth facing the pack-thread which 
holds up the Hand, fo that when this cafe is lighted, it 
will burn the pack-thread, and let the wheel fdl forward, 
by which means it will become vertical ; then from the 
laft cafe of the wheel, carry a leader into the barrel next 
the fun, which will begin a» foon as the wheel is burnt 



Grand Volute illuminated with a projeded 
Wheel in Front. 

Firft have 2 hoops made of ftrong iron wire, one of 
6 feet diameter, and one of 4 feet 2 inches ; thefe hoops 
muft be joined to fcroUs A, A, A, &c. as in Fig. 54. 
Thefe fcrolls muft be made of the fame fort of wire as the 
hoops : on thefe fcrolls tie, with iron binding wire, as 
many illuminating port-fires as they will hold, at 2 inches 
diftance; thefe port fires clothe with leaders, fo that they 
may all take fire together ; then let C be a circular wheel 
of 4 fpokes, 3 feet 6 Inches diameter, and on its fell tie 
as many 4 oz. cafes, head to tail, as will complete the 
circle, only allowing a fufficient diftance between the 
cafes, that the fire may pafs free, which may be done by 
cutting the upper part of the end of each cafe a little {helv- 
ing : on each fpoke fix a 4 oz, cafe about 3 inches from 
the fell of the wheel 1 thefe cafes are to burn one at a time, 
and the firft of them to begin with thofe on the fell, of 
which 4 are to burn at a time, fo th^t the wheel will laft no 
longer than J of the cafes on the fell, which in number 
fliould be 16 or 20: on the front of the wheel form a fpiral ' 
line, with ilrong wire, on which tie port fires, placing them 
onaflant, with their mouths to face the fame way as the 
cafes on the wheel; all thefe port fires muft be fired with tha 
2d cafes of wheel. Let D, D, P. &c. be fpokes of wootl, 
LjU qwde W fcrew intoablock in the centre^cach of thefe 

1 
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Ijpokes'may be in length about 4 feet 6.inchcs; in the 

• top of each fix a fpindle, and on each fpindle put a fpirali 

• wheel of 8 fpokes, fucb as E, E, E, &c The blocks of 
•thefe wheels mufl have a hole at top for the centre caies, 

and the fpindle mud have nuts fcrewcd on their ends; 
which nuts Ihould fit in the holes at top of the blocks, £0 
fo that all the wheels muft be put on before you fix in 
. the ceritre cafes : as fome of thefe wheels by reafon of 
their fituacion will not bear on the nut, it will be necef- 
rfary to have fmooth ihoulders made on the fpindles for 
the blocks to run on ; the cafes of thefe wheels are to burn 
double, and the method of firing them is, by carrying a 
leader from each down the fpokes into the block in the 
centre, as in the dodecaedron, but the centre cale of each 
wheel muil begin with the 2 laft cafes as ufual. It is to 
be obferved, that the large circular wheel in front muft 

• have a tin barrel on its block, into which a pipe muft be 
carried from one of the fecond cafes on the wheel ; this 
pipe being met by another from the large block, . in which 
the 8 fpokes arc fcrewed, will fire ail the fpirali wheels 
and the illuminating port fires at the fame time. The 
cafes of the projeifted wheel may be filled with a white 

! charge, wd thofe of the fpirali wheels, with a grey. 

Moon and Seven Stars* / 

Let Fig. 55. be a fmooth circular board, 6 feet diame^ 
ter ; out of die middle of it cut a circular piece 12 or 
I A inches diameter, and over the vacancy put white 
Perfian filk, on which paint a moon's facej then let 
I, I, I, &c. be. ftars each 4 or 5 inches diameter, cut 
out with 5 points, and covered with oiled filk : on the 
front of the large pircvilar board, draw a 7-pointed 
flar, as large as the circle will allow ; then on. the lines 
which form this ftar, bore holes, wherein fix pointed 
,ftjU3. When this piece is to be fired, it muft be ^xed 
*upop the front of a polL on a fpindle, with a wheel of 
btilUant fire behind the fice of the moon ; fo that whfl^ 
th^ .whopl burns, the.moQn and ftars will appear tranfpa- 
rebt*^ iad wheh'khcSvlie^". .fi<5 bwrht OT^ tncy will aif- 

• ■ appear^ 
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"appear, and the large ftar in iront, which is formed of 
pointed ftars, will begin, beinglighted by a pipe of com- 
jliunicaiion from rhe lall cafe of the vertical wheel, behioJ 

{^moon; this pijie tnull be managed in the tiimeiaaR-; 
: ■ 
31 



Double Cone Wheel Illuminated. 



TJiis piece is reprefcnred by Fig. 5^. Let A he a 
"ing decagon wheel, 2 feet 6 inches diameter; ' then on 
each fide of it fix a cone B and C; tliefe cones are t(»- 
confift of a number of hoops, fiipported by 3 or 4 pieces 
of wood, in the manner of the fpiral wheels: let the height- 
of each cone be 3 feet 6 inches, and on all the hoops tie- 
port fires horizontally, with their mouths outwards, and-' 
clothe the wheel with 8 ounce cafes, all to play horizon-' 
tally, 2 at a time ; the cones may be fired with the fir!?' 
or fecond cafe^. The fpindle for this piece muft ga' 
through both the cones, and rife ^ feet above the point' 
of the cone at top, fothat its length will be lofcet 4. in^ 
ches fifom the topof the [xiftH, in which it is fixed, al- 
lowing 4 inches for the thiclcncfs of the block of rhe 
wheel: the whole weight of the wheel and cnncs muft 
bear on a (houlder in the fpindlc, on which the block 
of the wheel muft turn: near rhe top of the fpindle rauft" 
be a hole in the front, into which I'crew a fmaU fpindle, 
after the cones are on , then on this fmall fpindle fix :i 
fun, D, compofed of 16 nine-inch 4 oz. cafes, of briJlianr 
fire;' which cafes mult not be placed on a fell, but'onlir 
ftuck into a block of 6 inches diameter: then in rhe front 
of thi* fun mufl be a circular vertical wheel, 1 6 inches 
diameter; on i he front of this wheel form with iron win- 
i fpiral line, and clothe it with illuminations, after thtf 
ufual method. Asthis wheel is not to be fired till tlw 
cones are burnt out, the method of firing it is, — Let the 
hole in the block, at the top of the uppermoft cone, lie 
a little larger than the fjiindle which pafies throiTgh it-. 
|hen» from the firft cafe of the vertical wheel before the 
iuD, carry a leader down the lido of the fpindle to tlie top 

of 
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of the block of the horizontal wheel, on which ran ft be 
3 tin barrel ; ihen this leader, being met by another 
brought from the end of the laft cafe of the horizontal 
wheel, will give fire to the vertical wheel, fo foon as the 
cones are extinguifhed ; but the fun, D, muft not b« 
fired, till the vertical wheel is quite burnt out. 

Fire-Pumps. 

Cafes for fire-pumps are made as thofe for tourbillonn 
only they arc pafted, inflead of being rolled dry. Hav- 
ing rolled and dried your cafes, fill them : fitft put in a 
Jitde meal powder, and then a ftar ; on which ram lightly 
a ladle or 2 of compofition, then a little meal ponder, 
and on that a ftar, then again compofition, and fo on till 
you have filled the cafe, ttars for fire-pumps ftiould 
not be round, but muft be made cither fcjuare, or flat and 
circular, with a hole through the middle: the quantity 
of powder for throwing the ftars muft increafe as you 
come near the top of the cafe; for, if much powder be 
pur at the bottom, it will biirft the cafe. The flars mufl: 
differ in fize, in this manner: let the ftar which you put 
in firft, be about I lefs than the bore of the cafe; but let 
the next ftar be a little larger, and the 3d ftar a little 
larger than the 2d, and fo on: let them increafe in dia- 
meter, till wilhin 2 of the top of the cafe, which 2 muft 
fit in tight. As the loading of fire-pumps is fomewhat 
difficiilt, it will be neceflary to malie 2 or 3 trials, before 
you depend on their performance : when you fill a num- 
ber of pumps, take care nst to put in each an equal quan- 
tity of charge between the ftars, fo that when they arc 
fired they may not throw up too many ftars together. 
Cafes for fire-pumjis fliould be made very ftrong, and 
relied on 4 or 8 oz. formers, 10 or 12 inches long each. 



i 



L^ 



FIREWORKS. 



Vertical Scroll Wheel. 



is wheel 
be conftru^ed as 



may 



be made 
"'g- 57. 



diameter, 
to do which proceed chust 



Have a block made of a moderate fiz,e, iiilo which fix 
4 flatlpokes, and on them fix a flat circular fell ofwood^. 
round the front of this fell place port-fires; then on tiio 
front of the f|X)kes form a fcroil, either with a hoop or 
ftrong iron wire ■, on this fcroU tic cafes of brilliant fire, 
in proportion to the wheel, head to tail, as in the figure. 
When you lire this wheel, light the firft cafe near the fell } 
then, as the cafes fire fuccemvely, you will fee the circle 
of fire gradually diminilh j but whether the illumination* 
on the fell begin with the fcroil, or not, is immaterial, 
diat being left intirely to the maker. 

N. B. This wheel may be put in the front of a re- 
gulated piece, or fired by itfelf, occafionally. 

k Pin-Wheels. 

' ' Firft roll fome paper pipes, about 14. inches long eachi 
thefe pipes mutt not be made thick of paper, 2 nr3 rounds 
of elephant paper being fufficient. When your pipes are 
thoroughly dried, youmull: have made a tin tube, i i inches 
long, to fit eafy into the pipes ; at one end of this tube fi^ 
a fmall conical cup, which done is called a funnel: then 
bend 1 end of i of the pipes, and put the funnel in at the 
Other, 3s far as it will reach, and fill the cup with com- 
fwfition: then draw out the funnel by a Htcle at a time, 
ihaking it up and down ; and it will fill the pijte as it 
comes out. Having filled fome pipes, have made fom* 
finall blocks, about i inch diameter, and ^ inch thick: 
round I of thefe blocks wind and pafte a pipe, artd to 
the end of this pipe join another ; v/hich muft be done bv 
twitting the end of one pipe to a point, and putting it 
into the end of the other, with a little pafte: in this man- 
ner join a or 5 pipes, winding them one upon the other, 
Ibzsto form a fpiral line. Having wound onyoar p'nTc% 



14« ARTIFICIAL I 

pafle t flips of paper acrofs them, to hold them tO^ 
gether: bcfides thefe ilips of paper the pipes rauft bcj 
pafled together. 1 

There is another method of making thefe wheels, called 
the French; which is, by winding on the pipes without 
pafte, and (licking them together with feaiing-wax, at 
every half-turn; fo that, when they are fired, the end 
will fall loofe every time the fire pafles the wax; by 
which means the circle of fire will be confiderabty in- 
creafed. The formers for thei'e pipes are made from 
I I to 4 i6rhs of an inch diameter, and the compofition 
for them as follows; meal powder 8 oz. (alipetre z oz. 
and fulphur i: among thefe ingredi nts may be mi\ed a 
little (leel-filings, or the duft of call iron: this compofi- 
tion fliould be very dry, and not made too fine, or it will 
flick in the funnel. Thefe wheels may be fired on s 
large |hd, and held m the hand with fafety. 

Fiie-GIobes. 

There are 2 forts of fire globes, one with projeiaed 
cafes, the other with the cafes concealed tlms; Havea 
globe made of wood, of any diameter you chufe, and 
divide the furfacc of it into 14 tqual parts, and at each 
divifion bore a hole perpendicular to the centre: thefe 
holes mull be in proportion to the cafes intended to be 
ufed: in every hole, except one, put a cafe fiHed with 
brilliant, or any other charge, and let the mouths of the 
cafes be even wirh the furface of the globe ^ then out ia 
the globe a groove, from the mouth of one cafe to the 
other, for leaders, which mull be carried from cafe to 
cafe, fo that they may all be fired together : tbta 
done, cover the globe with a fingle paper, and paint 
it. Thefe globes may ije ufed to ornament a building. 

Fire-globes with projefted cafes are made thus; Your 
globe being made with 1 4 holes bored in it as ufual, fix 
in every hole, except one, a cafe, and let each cafe pro- 
jeA from the globe 2 thirds of its length -, then clothe 
all the safes with leaders, fo that they may all take fire 
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Fire-globes are fupported by a pintle* 
Imade to fit the hole in which there is no cafe. 

I'To thread and join Leaders, and place thelH I 
on different Works. 

eltential t 






Joining anti placing Leaders Is : 
of fire-works, as it is on tlic leaders t 
of all complex worksdepends; for which reatbn 
endeavour hereto explain the method of conducing | 
pipes of communication, in as plain a manner aspoffible, I 
Your works being ready to be cloihcd, proceed thus: 1 
Cut your pipes ot a Ibfiicient length to reach frotn one I 
Yafe to the other; then put in the quick-match, wliicK 3 
inuft alwaj-s be made to go in very eafy : when the match ' 
is in, cut it otl" within about an inch of the end of the I 

f)ipe, and let it projcft as much at the other end ; then j 
iiuen the pipe to the mouth of each cafe with a pin, and i 
put the loofc cuds of the match Into the mouths of rhe^ 
'cafes, with a little meal powder; this done to all the cafes, 
pafte over the mouth of each 2 or 3 bits of paper. The j 
preceding method is ufed for large cafes, and the following ij 
forfmail, and for ilhmiitiatlons: FIrft thread a long pipe J i 
then lay it on the lops of the cafes, and cut a bit off the j 
undcrfidc, over the mouth of each cafe, fo that the match j 
'may appear; then pin the pipe to every other cafe, but \ 
before you put on the pipes, put^a htcle meal jiowder in 
the mouth of c .ch cafe : if the cafes thus clothed are port 1 
fires on illuminated works, cover the mouth of each cafe ' 
with a fingle paper; but, if they are choal.ed cafes, fitu- 
'ated fo that a number of fparlis from other works majr \ 
fall on tlieni before they are fired, feciire them with ;^ or j 
4 papers, which mufi be palled on very fmooth, that there 1 
may be no crcafes for the fparks to lodge in, which ofii, i 
fet Ere to the works before their time. Avoid, as much! * 
as poffiblc, placing the leaders too near, or one acrofl 1 
the other fo as to touch, as it may happen that the flaih 
of one will fire the other; therefore, if your works Ihould J 
be fo formed, that the leaders mult crofs or touch, be fure 
K 




1 30 

to make them \ 



ARTIFICIAL 
■ne, and fecure a 



t the joints, 
every opening. 

When a great length of pipe is required, it muft be 
made by joining leveral pipes in this manner: Having 
put on I length of match as many pipes as it will hold, 
parte paper over every joint ; but, if a ftill greater length 
is required, more pipes mu't be joined, by cutting off 
about ta inch of one fide of each pipe near the end, ar.d 
laying the quick-match together, and tying them faft 
with fmali twine; after which, cover the joining ivith'J 
pafted paper. ' m 

Placing Fire-works to be exhibited, with 
the Order of Firing. 

Nothing adds more to the appcaranceof fire-worlis, than 
the placing them properly; though the manner of placing 
them chiefly depends on the judgement of the maker. 
Uliall give fuch rules here, as have been generally obfer- 
ved ; for example, whether your works are to be fired on 
a building, or on (lands : If they are a double fet, place 
one wheel of a fort on each fide of the building ; and next 
to each of them, towards the centre, place a fixed piece, 
then wheels, and fo on ; leaving a fufficient dirtance be- 
tween them, for the fire to play from one without burn- 
ing the other: Having fixed fome of your works thus in 
front, place the reft behind them, in the centre of their 
intervals: the largeft piece, which is generally a regu- 
lated or tranfparent piece, muft be placed in the centre 
of the building, and behind it a fun, which mufl: always 
Hand above all the other works : a little before the buil j.. ; 
ing, or ftands, place your large gerbes ; and at the bacit \ 
of the works, fix your matron batteries, pots des aigret^ i 
tes, pots des brins, pots des fauciflbns, air balloons, 
and flights of rockets: the rocket Hands may be fixet, 
behind, or any where elfe, fo as not to be in the way at, 
the works. 

Singlijl 
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Sitigle colle^ions are fired on ftands; tvhich fiand&are 
made in the fame manner as theodolite ftands, only 
the top part mud be long or ihort occafionally : thete 
ftands may be fixed up very loon without much trou- 
ble. Having given fufficient in{lru6bions for placing 
of fireworks^ I (hall proceed with the manner of firing 
them. 



Order of Firing. 

1. Two fignal 

2. Six iky 

3. Two honorary 



. rockets 



4. Fourcaduceus 

7. J [tranfparent liars 

8. A line rocket of 5 changes 
9.' Four toprbillons 

•^ ^ ' 'f horizontal wheels [ 

air .balloons illuminated 
. . .. , ^ Chinefe fountains 

^3. I ' J regulating pieces of 4 mutations each ' 

14. J l^pots des aigrettes 

1 5. Three large gerbes 

16. A flight of rockets 

If. ^Tw-.;^^^'^^^^ wheels 

i8p.J ,:' ..icafcades of brilliant fire 

I9» Twelve fky rockets 

20. ? ^ I illuminated yew trees 

ZJ. S L air balloons of ferpents, and 2 compound 

ZZ% Four toufbillons 

^•,S I illuminated globes with horizontal wheels 

aj.. jOne pot des fauciflbns ■ . , • 

aj^^ 'T\vo plural wheels 

27. lifancon. battery . .. j ,, 

a&# l^wo c&£uideliers illummated 

29. kange of pots des brin$ 

K 2 30. Twelve 
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30. Twelve flcy rockets 

3 1 . Two yew-trees of fire 

32. Ned: of fcrpcnts 
-33. Tuo double Cones illuminated 

34. Keguladng piece of feven mutations, viz. 

1. V^nicaJ wheel iliuminated 

2. Golden glory 

3. Oitagon vertical wheel 

4. Porcupine's quills 

5. Crofs fires 

6 Star piece with brilliant rays 
7. Six vertical wheels 

35. Brilliant fun 

36. Large flight of rockets. 

' When water-works are to be exhibited, divide them 
into feveral fets, and fire one fet after every fifth or fixth 
change of land and air-works. Obferve this rule in firing 
a double fet of works; always to begin with fliy-rockets, 
then n,vo moveable pieces; then two fixed pieces, and 
fo on ; ending with a large flight of rockets, or a matron 
battery : if a fingle colleftion, fire a fixed piece after 
every wheel or two, and now and then fome air and 
■water- works. 

Fountain of Sky Rockets. | 

Plate 6th, Fig. i. reprefents a fountain of 30 rockets. 
Let A be a perpendicular poft, 16 feet high from the 
ground, and 4 Inches fquare. Let the rail, or crofs 
piece, C, be i foot 6 inches long, ^ inches broad, anfl 
I thick. The rail D, at bottom, muft be 6 feet long, 
I foot broad, and i inch thick. F, and G, are the two 
fides which ferve to fupply the rails D, E, H, I, C : thefe 
fides are i foot broad at bottom, and cut in the front 
with a regular floi>e, to 3 inches at top; but their back 
edgeS muft be parallel with the front of the irats A. The 
breadth of the rails E, H, I, will be determined by the 
breadth of the fides : all the rails muft be fixed at 2 feet 

diltance 



FIREWORKS. 133 

rfiltaoce from each other, and at right angles with the 
pots. Having placed the rails thus, bore in the bottom 
rail 10 holes, at equal diftanccs, large enough to receive 
the flick of a one-pound rocket; in the back edge of this 
rail cut a groove from one end to the other, fit to con- 
tain a quick-match j then cut a groove in the top of tlie 
rail, from the edge of each hole, into the groove in the 
back : in the fame manner cut in the fccond rail, E, 
8 holes and grooves; in the third rail, H, 6 holes and 
grooves! in the fourth rail, I, 4 holes and grooves ; and 
in the top rail, i holes and grooves. B, a rail with holes 
in it to guide the ends of the rocket flicks: this rail mull 
be fixed 6 feet from the rail D. The fountain frame 
being thus niade, prepare your rockets thus: Tic round 
the mouth of each a piece of thin paper, large enough 
to go twice round, and to projeft about an inch and i 
from the mouth of the rocket, which muft be rubbed 
■with wet meal-powder; in the mouth of each rocker put 
a leader, which fecure well with the pa|>er that projects 
from the mouth of the cafe: thefc leaders muft becarried 
into the grooves in the back of the rails, in which lay a 
quick-match from one end to the other, and cover it with 
parted paper ; holes muft be made in the rail D, to receive 
the ends of the flicks of the rockets, in the rail E, and fo 
on to the fourth rail ; fo that the fticks of the rockets at 
top will go through all the rails. The rockets being fo 
prepared, fix a gcrbe, or white flower pot, on each 1 ail, 
before the poft, with their mouths inclining a licde for- 
wards; thefe gerbes mull be lighted all at once. B;hind 
or before each gcrbe, fix a cafe of brilliant or flow fire: 
thefe cafes muft be filled fo that they may bvirn out one' 
after the other, to regulate the fountain, which may be 
done by carrying a leader, from the end of each flow or 
brilliant fire, inn> the groove in the back of e-ich rail. 
Afferent fized rockets may be ufed in thefe fountains; 
but it will be belt t« fill the heads of the rockets on each 
rail with'difierent forts of things, in this manner; thofc 
at top with cmckers, the next with rails, the third with! 
K 3 fcrpcncs. 
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ferpeiita,"the fourth with tailed (lars, and the lart flig 
with common or brilliant ftars. 

Palm- Tree. 

This piece, tliough made of common fires, and c 
fimple conftruiftion, has a very pleafing efleit ; ovviH 
to the fires inrerfet^ing (o oft, that they refemble tfie bran* 
ches of trees. Fig. 2d. Let n be a perpendicviUr poft, 
of any thicknefs, fo that it is fuflicientlyftrong to hold 
the cafes: let the dirtance from B to C bc2 feet 6 inches, 
and i^rom C to D z feet 6 indies; and let the length of 
each crofs piece be 2 feet, on each end of each fix a five- 
poinied liar ; then fii. on pegs made on purpole, 1 2 inch 
half-pound cafes cf brilliant fire, as in the figure. All the 
cafes and ftars niuft be fired at once. This piece Ihould 
be fixed high from the ground. 

Illuminated Pyramid, with Archimedian 
, Scrcwsj a Globe and Vertical Sun, 

May be made of any fize : one made according to the 
dimenfions.of Fig. 3d, will be a good proportion, whofe 
height is 2, 1 feet ; from C to D, 6 feet ; from E to F, 9 feet : 
the l"pa?e between the rails nuift be 6 inches, and the 
railb as chin as podible : in all the rails flick jiort-fires at 
4inchfs dlftance, The Archimedian fcrews, G, K, are 
nothing more than double fpiral wheels, with the cafes 
placed on their wheels hc)ri2ontaUy, inilead of obliquely. 
Tiie vertical fun, I, need noc confift of more than 12 rays, 
to form a fingle glory. The globe at top raufl be made 
in proportion to the pyramid,, which being prepared ac- 
cording to the preceding direiSions, place your leaders fo 
that all the illuminating pon-fires, Icrews, globe, and 
iun, may take fire togetlier. The pyramid mufl be fup- 
ported by the 2 fides, and by a fup])ort brought from a 
pole, which murt be placed 2 feet from the back of the 
pyramid, that the wheels may run free, 
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Rofe-Piece and Sun, 
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A rofe-piece may be ufed for a mutation of a regulated 

piece, or fired by itfelf : it makes the beft appearance, 

wien made large ; .if its exterior diameter be 6 feet, it 

will be a good fize. Fig. 4. fhews the manner it appears 

in. before it is fired. Let the exterioi* fell be made of 

wood, and fup|X)rted by 4 wooden fpokes; all the other 

parts, on which the illuminations are fixed, muft be made 

. of ftrong iron wire : on the exterior fell place as many 

.Jib. cafes of brilliant charge as you think proper, but the 

more the better ; for the nearer the cafes are placed, the 

ftronger will be the rays of the fun : the illuminations 

jhould be placed within 3 inches of each other ; they 

muft be all fired together, and burn fome tim^ before the 

fun is lighted ; which may be done by carrying a leader 

from the middle of one of the illuminations, to the mouth 

of one of the fun cafes* 

Tranfparent Stars with Illuminated Rays, 

Plate 7^ Fig. 5th, reprefents an illuminated ftar. Let 
the diameter Trom A toB be 2 feet, and from C to D, 
7 feet Firft make a ftrong circular back or body of the 
ftar, 2 feet diameter, to which you fix the illuminated 
rays : in the centre of the front of the body fix a fpindle, 
on which put a double triangular wheel, 6 inches dianne- 
ter, clothed with 2 ounce cafes of brilliant charge 1 the 
cafes on this wheel muft burn but i at time. Round the 
edge of the body nail a hoop made of thin woocf or tin : 
this hoop muft projed: in front 6 or 7 inches : in this 
hoop cutj or 4 holes to let out the fmoke from the 
wheel, liie ftar and garter may be cut out of Orong 
pafte^bokrd, or tin, made i^ this manner: vutaround 
piece of pafteboard, or tin, 2 feet diameter, on which 
draw a ftar, and cut it out-, then over the vacancy 
pafte Perfian filk ; paint the letters yello\V ; 4 of the rays 
yellow, ^nd 4 red i the crofs in the middle ffiav be painted 
fcalf r©a, and half yellow, ot yellow ^nd blue. This 

^ 4 tranfparent 



ijfi ARTIFICIAL 

tianfparent ilar muft be faftened to the wooden hoop by 
a fcrew, lo take off and on ; the illuminated rays are 
made of tliin wood, with tin fockets fixed on their fides 
\vithin4 inchesof each other; in thefe fockets ftick illu- 
minating port-fires ; behind the point of each ray fix a 
half-pound cafe of grey, black, or Chinefe fire. 

N. B. The illuminated rays to be lighted at the fame 
time as the triangular wheel, or after it is burnt out; 
which may be done by a tin barrel being fixed to the 
wheel, after the manner of thofe in the regulated pieces. 
Into this barrel carry a leader from the illuminated rays, 
through the back of the rtar ; which leader muft be met 
by another, brought from the tail of the laft cafe on the 
wheel. 

Tranfparent Table Star illuminated. 

Fig. 6th reprefents a table ftar, whofe diameter, from 
E to F, is 12 feet; and from btol, .). This propor- 
tion, obferved on each fide, will make the centre frame 
4 feet fqiiare : in this fquare fix a tranfparent (tar, as in the 
figure. This ftar may be painted blue, and its rays made 
as thofe of the flaming rtars dcfcriljed in page 1 1 3. The 
wheel for this ftar may be compofed of diiferent coloured 
fires, with a change or 2 of fiow fire : the wheels a, a, a, a, 
may be clothed with any number of cafes, fo that t^e 
ftar wheel confifts of the fame : the ilkiminiting pdrt- 
■ fires, which muft be placed very near each other on the 
frames, muft be fo managed as to bum as long as the 
wheels, and lighted at [he time. 

The Regulated Illuminated Spirali Piece, 
with a projedled Star Wheel illuminated. 

This piece is reprefented by Fig. 7. and is thus made. 

Have a block made 8 inches diameter ; in this block 

fcrew 6 iron fpokes, which muft ferve for fplndles for the 

fpiral wheels ; thefe wheels are made as ufual, each i foot 

6 diameter, 



~ .r-U. 



^Hl^ 



dl 



FIREWORKS. 137 

6 diameter, and 3 feet in height : the fpindles muft be long 
enough to keep the wheels 4. or 5 inches from one ano- 
ther: at the end of each f[>indle muft be a fcrew nut, 
on which the wheels that hang downwards will run; and 
on the fpindles tvhich Hand upwards mull be a (houlder, 
for the blocks of the wheels to run on. 

The projeifted ftar-wheel muft turn on the famefplndle 
on which the large block is fixed: this fpindle muft be 
long enough to allow the ftar-whecl to projeft a little 
before thefpiral wheels; the exterior diameter of the ftar- 
wheel muft be 3 feet 5. On this wheol fix 3 circles of 
iron wire, and on them port-fires ; on the block place a 
tranfparent ftar, or a large 5-pointed brilliant ftar. The 
cafes on this wheel may burn 4 at once, as it will con- 
tain near twice the number of one of the fpiral wheels: 
the cafes on the fpiial wheels muft be placed parallel tu 
thdr fells, and burn 2 at a time. 

A New Figure-Piece illuminated with 
Hve-Pointed Stars. 

Theconftru£lion of this piece is very eafy, as ihcwn by 
Kig. 8, whofe diameter from B to C is 8 feet, and from 
D to E 2 feet; the vertical wheel in the centre muft be 
1 foot diameter, and confilt of 6 four-ounce cafes of dif- 
ferent coloured charge, which cafes muft burn double: 
on the frames fix 5-pointed brilliant or blue ftars, ram- 
med 4 inches with compoficicn : let the fpace between 
each ftar be 8 inches; at each poitjt fix a gerbe, or cafe 
of Chinefe fire. When to be fired, let the gcrbes, ftars, 
and wheel, be lighted at the fame time. 

The Star- Wheel Illuminated. 

This beautiful new-invented piece is ihewn in Plate S, 
Fig. 9- its exterior fell is made of wocxl, 3 feet 6, or 4 feet 
diameter: within this fell, form with iron wire 3 circles, 
one lei* thaq the other, fo that the diameter of the leaft 
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may be about lo inches : place the port-6res on thet 
fcils with dieir mouths inclining outwards, and the port- 
fires 00 the points of the Oar with their mouths projecting 
in front: let the exterior fell be clothed with 4-ounce cafes 
of grey charge: thele cafes muil bum 4 at a time, and 
be lighted at the fame time as the illuminations. 

Pyramid of Flower-Pots, 1 

Fig. 10. rcprefents this curious piece, -which muft be 
made thus. Let the diftance from A to B be 6 feet, and 
from one rail to the other 2: on the bottom r^il fix 5 pa- 
per mortars, each 3* { inches diameter ; thefe mortars load 
with ferpents, crackers, flars. Sec. 

In the centre of each mortar fix a cafe of fpur-fire: on 
the fecond rail fix 4 mortars, fo as to tland exaftly in the 
middle of the intervals of them on the bottom rail -, on the 
third rail place 3 mortars; on the fourth, 2; and on the 
top of the pofls, I : the bottom rail muft be 6 feet long : 
all the mortars muft incline a little forwards, that they 
may eafily difcharge ; and the fpur-fires rammed exactly 
alike, that the mortars may all be fired at the fame time. 
Having prepared your pj'ramid according to the precci- 
ding directions, carry pipes of commumeation from on? 
fpur-fire to the other. 

The illuminated Regulating Piece. 

Fig. 1 1, reprefentsone half of this piece. A, A, A, Aj 
aie flat wooden fpokcs, each 5 feet long; and at the end 
of each place a vertical wheel, 10 inches diameter, clothed 
with 6 4-ounce cafes of brilliant fire: thefe cafes muft burn 
but I at a time : on 2 of the fpokcs of each wheel place 
2 port-fires, which muft be lighted with the fiift cafe of 
the wheel; on each fpoke A, A, &c. behind the wheels, 
place 6 cafes of the fame fize as them on the wheels; 
thefe cafes muft be tisrd acrofs the fpokes with their 
mouths all oneway, and be made to take fire fucceffively 
. one after the other, fo that they tasy aflift the whole piece? , 
it) turn round, I 

The 
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Tiie diameter of the wheel . B muft be z fcet 6, and 
its fdl tnade of wood, which muft be fixed to the largo i 
Jpok«$: on this wheel place 2 4 cafes of the fame fort ay 1 
on the Coiall wheels; thefe cafes muft burn 4at « | 

■ time: in this wheel make 3 circles with iron wire, aadj 
flu them place illuminating port-fires, as in the figureaj 
tbe liar [loints on (he large fpoi«es may be made oil 
ihin aih-iioopsj the diameter of thefe points clofe to thl 

entre wheel muft be 1 1 inches : on thefe points piac 
ort-fircs, at 3 5 Inches diftance one from the other. 

Fig. 12. reprefcnts the blocks of this piece. The dia- 
meters of thefe bloclrs, at A ard B, muft he S inches;' 
md C andD, 4! inches : the length of each of thefe blocks 
muft be 6 inches: at the fm all ends of thefe blocks fi)c 
in iron wheel 5 inches diameter, which wheels muft have 
teeth, to turn the wheel E : this wheel is fixed on a fmalt 
fyindle fcre^'ed iota the large fpindle, which goes tiirougl* 

■ the two blocks, and on which they run, 

SnppofingFig, 11. to be on the block A, in Fig. 
and to turn to the right, nnd another piece of the fante I 
oonftrufftion on tiie block E, with its fires placed fo a? e» J 
turn ii to the left ; you will find them move very triltf j 
andfaft, by tlie help of the j iron wheels, *hich fervrfj 
to regulate their motions, as well as to aflift them in turfr* f 
ing: let the iron circles in the front of the great wheel*! 
be of difTerent diameters, (o that when fired thefe may*! 
iippear 6 circles. When this piece is fired, all the wheel* J 
;^id illuminations mut| be lighted jLt one time. 

To fix a Sky-Rocket with its Stick on thc'l 
Top of another. 

Rockets thus managed make a pretty appearance, \yf\ 
leafon of afrelh tail being fcen \yhcn the fccond rock^J 
lakesfire, which will mount to agreat height. Themethofi'l 
of preparing chefc rockets is thus: Having filled a two-'^ 
pounder, which muft be filled only half a diameter above 
ike piercer, and in its head pot more than 1 or 12 ftats ; 
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the (tick of this rocket .mull be made a little thicker 
than common, and when made, cut it in half the flat 
way, and in each half make a groove, fo that, when the 
2 halves are joined, the hollow made by the grooves 
may be large enough to hold tiie flick of a halt-pound 
rocket^ which rocket make and head as ufual; theftick 
of this rocket put into the h»lIow of the large one, fo far 
that the mouth of the rocket may reft on the head of the 
two-pounder; from whofe head carry a leader into the 
mouth of the fmall rocket ; which being done, your rock- 
ets will be ready for firing. 

A New Method of Placing Leaders. 

The placing leaders on fmall cafes, or illuminations, 
is a much quicker, ftronger, and more expeditious way 
than that of ufing pins ; which method has been prafllfed 
till lately. Your port-fires being filled within about 3 8ths 
of an inch of the top, bore with an awl a hole thro' each 
fide of the cafe, clofe to the compofition; then fill the 
mouths of the cafes with meal powder wetted with fpirit 
of wine: when you have thus prepared your cafes, fix 
them on your works ; then take an empty leader, and 
lay it on the mouths of as many cafes as it will reach i 
then, with your finger nail, mark the leader exaftly in 
the middle of the mouth of each cafe ; then at each mark, 
with a pair of fciflars, cur a bk out of the pi^ie, fo that, 
when you put in the quick-match, it may be feen. This 
done, lay the leader on the cafes again, with that fids on 
which the match is feen downwards; then take fomc 
fmall twine, and put it through the holes in the mouths 
of the cafes, and tie on the leader: do this to every cafe, 
and cover them with fingle pafted paper. By making ufe 
of this method your works may be made very clean, there 
being no occafion to put dry meal powder in the mouths 
of the cafes, \vhtch always foils the works, and prevents 
the pafte from flicking. 

Herq 
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Here I have taught the method of Tolling, pinclungp 
and filling ail forts of cafes; the manner of pulverizing^ 
mixing, and preparing, all compolitions uied in artificial 
fire-works; alfo the method of placing leaders, clothing 
wheels, fixed pieces, &c. in fo plain a manner, that all 
fire-works may be made without any further inibrud:ions« 
A variety of pyrotechnical reprefentations only depends 
on the genius of the maker, by fixing different cafes and 
fires cm works of various forms, of which there are many 
2ik>re. 

But as tfaofe I have given are the principal, I (hall con- 
clude with Mr. Muller*s Laboratory and a few of his 
Afines; wluch are all that was wanting to complete this 
work. 



Mr; 



Mr. MULLER on Laboratory Works. 



MY ddie;n is not to give here any more than what 
b jnft necefiary for the young Artillerift to know 
in tne courfc of his duty, referring that part which re- 
gards the Fire-works made for Rejoicing to the excellent 
Treatife on Artificial Fire\vork3, wrote by Robert J'nes, 
who gives all that can be faid on that fubjcft, and ba» 
himfelf pradtfcd every part of it. 

Grapefliot. 

The number of fhot in a grape varies according to the 
fervice or lize of the guns : in fea-fcrvice 9 is always the 
number; but by land it is increafed to any number or 
lize-, from an ounce and a quarter in weight, to j or 4 
pounds. It has not been determined, what number or 
fize anlwers beft in praftice; which I think ftould be 
tried: for it is well known, that they oft fcatter fo much» 
that only a fmall number take place. It would not be 
a iifelefs experiment, to try at what diftance they would 
do moft execution, and what is the beft charge of pow- 
der. In fea-fervice, the bottoms and pins are made of 
iron, whereas thofe ufed by land are of wood: for 
what reafon this diftindtlon is made, I cannot tell, unlefs 
that thefe iron bottoms are fuppol'ed to deftroy the rig- 
gings of (hips more than the wooden. 

To make grape-ftiot, a bagof coarfe cloth is madejuft 
to hold the bottom which is put into it ; then as many 
Ihot as the grape is to contain; and with a ftrong pack- 
thread tlie)' are quilted to keep the Ihot from moving, 
and when they are finilhed are put into boxes for carriage. 
When the ihot are fmall, they are put into tin boxes (haC 
fit the bore of the gnn. Leaden bullets are likewije ufed 
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in the fame manner. It muft be obferved, that whatever 
number or fees of the fliots are ufcd, they muft weigh 
with their bottoms and pins nearly as much as the fliot 
of the piece. 

Cartridges. 

The loading and firing guns with cartridges is dont 
muchfooner, and lefs liable to accidents, than wichloofe 
powder. They are made of various fubftances, fuch as 
paper, flannel, parchment, and bladders. When they arc 
made of paper, the bottoms remain in the piece, and ac- 
cumulate fo much, that the priming cannot reach the 
powder; and therefore they muft be drawn from time to 
time, which retards the fervice. They have another in- 
convenienc}', which is, they retain the fire ; and, if par- 
ticular care is not taken in fpunging the piece, they will 
fct ifire to the next cartridge, and the gunner that puts it 
into the piece will be in danger of lofing a hand or arm, 
as has fometimes happened. When they are made of 
parchment or bladders, the fire flirivels them up, whereby 
they enter into the vent, and become fo hard, that the- 
priming iron cannot remove them fo as to clear the vent. 
Nothing has been found hitherto to anfwer better than 
fiannely and is the only thing ufed at prcfent, becaufe it 
does not keep fire, and therefore not liable to accidents in 
the loading; but as the duft of powder paflcs through 
tbem^ ayMirchment cap is made to cover them, which is 
taken off^ before this is put into the piece. 

The bcft. way of making flannel cartridges is, in iny 
opinion, to boil the flannel in fize ; this will prevent the 
duft of the powder from paffing through them, and ren- 
ders them itifil and more manageable; for without this 
precaution they are io pliable, that when they are large, 
and contain much powder, they are very inconvenient in 
putting them into the piece. The Saxon, who introdviced 
our prefent light field pieces, had a particular method of 
preparing cartridges, which was fuch, thatwlien laid into 
the fire they would not burn; and yer, by dipping them 

int^ 
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into water before rhey were put into the piece, would 
take fire as quick as powder; but how he did it, nobodv 
could tell ; for he would nor part with his fccret. 

In quick Bring the (hot ii fixed to the cartridge by means 
of a wo6den boitom, hollowed on one fide fo as to re- 
ceive nearly half the fiiot. which is faftensd to it by two 
fmall flips of tin croffing over the fliot, and nailed to the 
bottom; and the cartridge is tied to the other end of this 
bottom. They are fixed likewife in the fame manner to 
the bottoms of the grapelhot, which arc ufed in field 
pieces. 

Portfires. 

Portfires are ufed fometimes bftead of matches, to fet 
fire to imwder or compofitions ; and arc dirtinguilhed into 
wet and dry. The compofition of wet portfires is, falt- 
petre 4, fulphur i, and mealed jwwder 4 ; when the com- 
pofition is well mixed and fieved, it is to be moiftened 
with a little linfeed oil, and well rubbed with the hands 
till all the oil is well mixed with the compofition. The 
comix)fitionofdry [Xirtfire is, faltpetre 4, fulphur i, mealed 
powder 2, and antimony i. Thefe compofitions are drove; 
into fmall paper cales, and fo kept till uled. 



Quickmatch 



Is made with three cotton fl;rands drawn into length 
and put into a kettle covered \\ ith white wine vinegar, 
and a quantity of fakpetre and mealed powder, and boiled 
till well mixed. Others put only faltpetrc into the wa- 
ter. After that, it is taken out hot, and laid in a trough 
■where fome mealed powder, moiftened with fpirits of 
wine, is thoroughly wrought into the cotton, by rolling 
it backwards and forwards with the hands: when this is 
done, they are talicn out (eparately, and drawn through 
mealed powder, then hung upon a line till dry. 
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Tubes ufed in quick Firing. 

Thcfe tubes are here made of tin: their diameier is 
Ifro tenths of an inch, to emcr into the vent of the piece; 
*>out 5 or 6 inches long, with a cap above, and cut 
bnting beiow in the form of a pen ; and the point is 
IJrengthened %vitii fome folder, that it may pierce the car- 
tridge. Througli this tube Is drawn 3 quickraatch, and 
the cap is filled with mealed powder moiftened with fpirit 
of wine. To prevent the mealed powder from falling out 
by carriage, a cap of paper is tied over it, which is taken, 
off when ufed ; but latterlj' this cap is made of flannel 
fleeped in fpirits of wine, with faltpctre dilTolved in it; 
there is no occafion to take it off, lince it takes fire Ai 
quick as loofe powder- 

An objeftion is made againfl thefe tubes, which is, 
that the tio is apt to fpoil the quickmatch when they are 
kept far fame time ; and it is imagined, that fait Avater 
would fooD corrode them, therefore not proper to be 
ufed on board of fliips ; this however has not been tried. 
The French ule a fmall reed, to which is fixed a woodan 
cap about two inches long, tilled with mealed powder 
moiilened with fpirit of wine: a fmall hole is made through 
them the fizc of a needle, through which the fire darts 
with great violence, and gives fire to the cartridge, which 
muft be pierced with the priming iron. Thefc tubes may 
be kept a great while without being fpoiled; but the 
piercing the cartridge retards the quicknefs of firing. 
The forementioiied Baxon made his of copper, tapering-, 
towards the end, fo as to enter the vent about half ao 
inch, which is made fo far in the fame form, and the reit 
verv narrow; they are filled in the fame manner as the 
"French, and when fired, the flame darted through the 
irtlidge without being pierced. 
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Fuzes for Shells and Hand -Grenades,) 

The compofition for fuzes is falipetrc 3, fulphur i, 
mealed powder 3, 4, and foraetimes j, according as ^ 
quired to burn quicker. Fuzes are chiefly ma<le '^ 
. very dry beech wood, and Ibmetimes of hornbeam tafo 
near the root ; the ujiper part of that wood fplits v 
cafilv- They are turned rough, and bored at firfl, i 
then kept for feveral years in a dry place : the diamet 
of the hole is about a quarter of an inch, a little moreig 
lefs is of no confequente; the hole does not go qiffl 
through, leaving about a quarter of an inch at the bottod 
and the head is made hollow in the form of a bowl. T|| 
compofition is drove in with an iron driver, whofe en^ 
are capped with copper to prevent the compofition frol 
'taking fire; and equally hardaspofKblejthelaftfliovcl-fiil 
being all mealed jrowder, and two ftrands of quickroatd^ 
laid acrofs each other being drove in with it, the ends 
which are folded up into the bowl, and a cap of parch- 
ment tied over it till ufed. Obferve, that, when fhells 
'are to be thrown at a fmall difiance, the compofition 
fliould be made quicker than when they are to be thrown 
at a greater; for, by cutting them fo as to burn but a 
ihort time, they might not be long enough to be wel! 
fixed into the Ihell, by which the blaft of the powder in 
the chamber would blow them out, without the ftell 
teingable toburft It muft likcwife be obferved, that 
the cuftom of fixing the (hells at home is very bad, 
fince it is not known how long they fhould burn-, and if 
they do not burft as ibon as they fall, the execution is but 
trifling. Another difadvantage attends this praftice j 
when they are carried into a hut climate the wood fhrinks, 
though ever fo dry before; and the fuzes loofen fomuch, 
that they fall out in the flight of the ihell before it falls to 
the ground. 

When the fuzes are to be drove, the lower end is cut 
off in a flope, fo as the comiwfition may give fire to the 
powder; and they muft have fuch a length, as to burft 
nearly as foon as the flieli touches the ground. When 

the 
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Bbe iiiflain.-e of the battery from theobjcfl: is known, the 
Bftne of the (bell's flight may be computed nearly ; which 
f being known, the fuze may be cut accordingly, by burn- 
ing 2 or 3, and making ufe of a watch, or a rtring by 
way of 3 penduludu 

Before ihells are loaded, they muft be well fearched " 
w-ithin and without by means of a copper grater, to fee 
it there are no holes or cavities in them; after that put 
them into a cub of water, to cover them, with an empty 
fuze drove Into them-, and the mouth of a bellows, being 
introduced into the fuze, and worked, will caiife bub- . 
bles in the water, if there are any holes in the fliell ; but 
if no bubbles appear, it is a lign the Ihell is found and 
fit for fervice. 

When loaded, care mult be taken that tliey are very 
dry within; and if the fpike which fiipports the corp 
when they are call, and which remains in them, is not 
beat down, it mult be done then, othcrwife it would fplic 
the fuze. Then the powder is put into it with a funnel, 
and not quite filled, that the fuze may have room to enter, . 
which fuze is prelfed in at firft by the hand as far a'; ic 
will go, and then drove with a mallet as hard as pofTible, 
[ .taking care not to fplit it; for if the leaft crack was tn it, 
the comjiofition would give fire to the powder, and the 
■ihell burft either in the mortar or the air, and do tib exe- 
cution. 

It is a query how much powder is to be put into a fbell, 
fb as to make it burft in moll pieces. It is agreed by 
juoft officers that iliey fliould not be quite filled ; one 
that has taken moft pains to find it out, is of opihibn that 
ihey fliould be filled witiiia one third part of what t^isy 
can hold 

Lieutenant Pirk, a very ingenious mechanic, loft la 
the Dodington fome years ago going to the Eaft-Indies, 
kill found out a method, fo that as loon as the IhcU 
touched the ground it burfted; but being tno modeff'a 
Jjjan, bad not the alTurance to propofc ir to the mnfter 
.general of the ordnance, whereby the world was deprived 
of a moft ufeful Invention, 

La If 
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If the fuzes are to be kept for fome time aftet they ai — 
drove, the top muft be covered with a mixture of pitcM^ 
i, rofin I , and bees wax ^, whereby no air can come ta^ 
the compoiiiton j and h will keep as long as you pleafe. 

Carcaffes. 

None but round carcafles are ufed at prefent, the flight 
of the oblong are fo uncertain, that they are quite laid 
afide. The compofition Is pitch 2, faltpetre4, fulphur i, 
and corned powder 3. When the pitch is melted, the ■ 
pot is taken off, and the ingredients well mixed put in; 
(hen the carcafs is filled with as much as can be prelfed in. 



Light Balls to dircover the Enemy's 
Works. 

There are various forts defcribed. Some made of tow 
dipped into a compofition of fulphur, pitch, rofin, and 
turpentine; and worked up into a ball. Others take z 
ball of ftone or iron, which is covered with feveral coats 
of Qompofition, much like that before mentioned, til! of 
a proper- fize; the laft coat is to be of grained powder. 
But the beft fort, in my oj)inion, is to make a (hell of 
paper the fize of the mortar, and to fill it with a com- 
pofition of an equal quantity of fulphur, pitch, rofin, 
and mealed powder; which, being well mixed, and put 
in wariDi will give, a clear fire, and burn a confiderable 
time. 

There are many more things ufcd in the defetice of a 
.breach; fuch , as facks filled withojowder, bottles, bar- 
rels, &c. but as the cbief intent of all thefe is to fct fire, 
^idblowupthe aflailants, and which ^ very military gen- 
tleman may eafily' execute, we fliall fay no more here 
about theiiii our defign being to inftruft the young artil- 
Jerifl: in the eflential parts of his bufinefs; and to make 
him mafter of thefe matters, he muft work in the labora- 
, lory ; fot praftice is the belt mafter, 

Firelhip, 
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Fireiliip, how to prepare it. 

'Fron> the bulk-head at the forecaftle to a bulkhead to 
be raifed behind the main chains, on each fide and acrofs 
the fiiip at the bulkheads, is fixed, clofe to the Ihip fides, 
a double row of troughs, 2 feet diftance from each other, 
with crofs troughs quire round, at about 2 | feetdiftance ; 
which are mortifed into the others. The crofs troughs 
lead to the fides of the fiiip, to the barrels and to the 
port-holes, to give fire both to the barrels and the cham- 
bers, to blow open the ports ; and the fide-tr.iughs ferve 
lo communicate the fire all along the fliip and the crofs 
troughs. 

The timl>ers of which the troughs are made are about 
5 inches Iquarcj the depth of the troughs half their 
thicknefs, fupported by crofs pieces at every 2 or ; yards, 
nailed to the timbers of the fliip, and to the wood work 
which inclofes the fore and main mafts, and takes in an 
oblong m the middle of the deck, extending to tha out- 
fide of both the mafts and in breadth is near one half of 
the deck ; and is what makes the carpenter's room for his 
ftores. The decks and troughs are all well paved with 
mel.ed rol^n. 

On each fide of the Qiip are cut out 6 fmall port holes, 
infize about i^ by 18 inches, the ports opening down- 
wards, are clofe caulked up: agoinft each port is fixed an 
iron chamber, which, at the time of firing the ihip, blows 
open the ports and lets ciu the fire. At the main and fore 
chuns on each fide is a wooden funnel fixed over a fire 
barrel, and comes througli a fcuttle in the deck up to the 
fhrouds to give fire to them ; and between them are cut 
two fcuttles on each fide the ftiip, which alfo ferve to let 
out the fire. Both funnels and fcuttles muft be ftopt with 
plugs, and have fail-cloth or canvas nailed clofe over them, 
to prevent any ai-cidcnt happening that way by fire to 
' e cpmbuftibles below. 

port-hole, funnels, and fcuttles , not only ferve 

feive the fire a free paiTage to the outfide and upper ^ J 
' L 3 parts " 
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parts of the fliip, and its rigging, but alfo for the inwatd 

air, othenvifectMifined, to expand itfelf, and piifh through 

thofe holes at the time of the combuftibles being on fire, 
and prevent the blowing up the decks, which otherwife 
mufl of courfe haj>pen from fuch a fudden and violent 
rarefadtion of the air as will then be produced. 

In the bulkhead behind on each fide is cut a fmall hole, 
large enough to receive a trough of the fame fize as the 
others ; from which, to each fide of the fill)), lies a Itid- 
ing trough, one ?nd coming through a Tally port cut 
through the fhip's fide ; and the other, fixing into a com- 
municating trough that lies along the bulkhead, from . 
one fide of the fnip to the other, and being laid with 
quickmatch only, at the time of firing either of the lead- 
ing troughs, communicates the fire in an inftant to the ' 
contrary fide of the fhip, and both fides burn together. 
The oommunicating trough, which is fixed to the bulk- 
head, and the leading troughs, are the fame fize a^ the 
others. 

Manner of preparing Stores. 
Fire Barrels. 

The form of the barrels fliould be cylindric, both upon 
the account of that make anfwering better for filling 
them with reeds, and for flowing them on board between 
the troughs -, their infide diameters are fuificlent, if about 
ji inches, and their lengths 3?. The bottom parts are 
firft filled with fliort double-dipt reeds fet on end, and the 
r remainder with fire-barrel compofiiion well mixed and 
melted, and then poured over them. 

There are 5 holes of | inch diameter, and 3 inches 
deep, made with 3 drift of that fize in the top of the 
cotnpofition while it is warm; one in the centre, and the 
other 4 at equal diflances round the fides of the barrel. 
When the compofition is cold and hard, the barrel is 
primed by well driving thofe holes full of fuze compo- 
fition to within an inch *df the top ; then fixing In eadi 

hole 
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le a ftrand of quirkmatch twice doubled, and in tht^ 
;tre bole 2 ftrands the whole lengthy all which muft j 
well fet or drove in with mealed powder; then lay the 1 
ickmaich all within the barrel, and cover the rgp of it ■ 
with a dipt njrtain, faftcned on with a hoop to flip ovcf ' 
the head, and nailed on. ' 

The barrels fhould be made very ftrong, not only to : 
fupport the weight of the corapofition before firing, in 
removing and carrying them about, but to keep them 
together at the time they are burningj for if the ftavea 
are too flight and thin, and fliould burn too foon, fo as to • 
give way, the remaining compofition would be apt to ' 
fcparate, and tumble ui<on the deck, which would de« ' 
" ly the defigned etfeft of the bai'rel, which is to carry ' 
fire aloft. 



Iron Chambers. 
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They are 10 inches long, and 3.5 in diameter; and 
breeched againft a piece of wood fixed acrofs the port- 
holes, and let into another lying a little higher; when 
loaded they are filled almoft full of corned powder, and 
,ve 3 wooden tompion well drove into their muzzles j 
re primed with a fmall piece of quickmatch thruft 
.through their vents into tlie powder, with a part of it 
hanging out; and when the flilp is fired, they blowopeti 
the ports-, which either fall downwards, or are carried 
Bway» and fo give vent for the fire out of the fides of the 
'Mp. 

Curtains 

Are made of barras about | of a yard wide, and one 
jard in length; when they are dipped, 2 men witlicach 
fcfbrk (on a Ibaft of the fame fize, with 1 prong in each 
if made on purpole) mult run eaqh of their prongs through 
^corner of the curtain at the fame end; then dip them 
Into a large kettle of compofition well melted; and when 
"tcU dipped, and the curtain extended to ica full breadth, 
J. 4 whip 
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vfKi[} it bet\^'een 2 flicks of about 5.5 feet long, and 1.^^ 
int-hes (quare, heM clofe by 2 other men to take otFth^^ 
fbi^rfluoas compofition hanging to ir; then immediately^ 
fphnkle faw-duft on both fides to prevent its Itickln ^ — 
, And the curtain is 6nilhed. 

■ N. B. A copper fixed with a ftirnace is much bene -r 
■ than a kettle that !s not fixed, becaufe it muft b^— e 
taken efFfrom the fire for ever)' dipping, to jweven _t 
the ftripped off cotnpofition from falling into il , 
which would unavoidably give fire to the whole j -"■ — -4 
render^ the ufe of a kettle tedious that way. ^H 

Reeds "^ 

Are made into fmall bundles of about 1 2 inches in cir* — 

L cumference, cut even, at both ehds, and tied with 2 band ^' 

;ach; the longeft fort is 4 feet, and the fliorteft 2.5 » 

^Which are all the lengths that are ufed. t part 'of thei»n 

» are fingle dipped, only at i end ; the reft are double dii> — 

jjed, thatis, at both ends, |o dipping, they muftbepu * 

. about 7 or 8 inches deep into a copper or kettle of meltec3 

jcompofition; and when drained a little over it, tocarr^.^ 

eff the fuperfluous compofition, fprinkle them over ^•- 

tanned hide with pulverized fulphur, at fome diftanci^^ 

jfrom the copper. 



Bavins 

A re made of birch, heath, or other fort of bru(h-wood, 
that is both quickly fired and tough; in length 2.5 or 
3 feet, the buih-ends all laid one way; and the other ends 
tied with 2 bahds each. They are dipped and fpriiikled 
with fulphur the fame as reeds, only that the buftj-ends 
alone are dipped, andihould be a little clofihl together 
by hand as foon as done, before they are fprinkleti, to 
keep them more clofe, to give a ftronger fire, and to 
keep the branches from breaking off in fhifung and 
handling them; 

Difpofitioo 
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Difjwfition of the Stores on board, when 
laid for firing. 

The fire-barrels are placed under the funnels and fcut- 
(leJ, 1 ro each; and arc li>:ed benvecn the crofs troughs ' 
leading to the iidcs of the Ihip, and laJhed to them, and * 
Weil cketed to the deck. Thole at the funnels give fire 
to the main aod fore Ihrouds j the reft rife over the deck 
through the I'cuttles. The plugs muft be taken out of 
the funnels and fcuttles before the ihip is fired, and the , 
curtains covering the fire-barrels cut open and rolled back, 
the quickmatch fpread, and the top of the barrels well _ 
falted with priming compolition. The curtains are nailed 
to the beams uf the upper deck, hanging down over the 
troughs, bavins, and reeds. 

The priming compofition ; a part of it is laid along the, 
rroughb, and the refl, after laying of the reeds and bavins, 
1% regularly ftrewed over ail. The fliort reeds double 
dipped, with fome of the iingle dipped, are laid along 
both the fides and crofs troughs, and coratnunicate the fire 
both to the barrels and chambers. The reft of the finglc 
dipped reeds and bavins are fet about the fire barrels, 
and to the fides of the Ihip; and fome flung upon the 
deck. 

The quickmatch is laid I'or ? ftrands thick upon the 
reeds in the troughs, and about the fire-barrels and cham- 
bers, to communicate a general fire at once. The reeds 
in the troughs with the quickmatch are laftred on, to 
prevent theirfalling out by the rolling of the Ihip, ' 

The leading troughs are both laid with 4 or 5 ftrands 
of quickmatch; as is likewife the communicating trough, 
that by firing either of the leading troughs, the com- 
municating trough may carry the fire to the other fide of 
ihefliipi which then runs along the troughs by the quick- 
match on both fides, and gives fire 10 the whole in an 
inftant. 
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The Compofition made ufe of for Cup 
tains, Reeds, and Bavins, are all th 
fame, viz. 



Pitcli 

Sulphur 
Rolin 
Tallow 
Tar 



i 



N. E. For want of tar take 3 lb. of 
tallow. 



Fire-Barrel Compofition for one Barrel. 



Corned powder 

Pitch 

Tallow 



Divide the compofition into 5 pots ; the pitch and tal- 
low muft be firft thoroughly melted. Tallow well the 
outfide of the pot to take off the heat; and then put in 
'le i>owder by fmall quantities, flirting it well about. 

Priming Compofition for one Barrel. 

-^ • lb. 100 

--— -■ 50 

. 40 

-,-^ pints -3 

Take 20 lb. of powder, which mix well with the pe- 

- tre, fulphur, and rofin ; work them well together, break- 

f 1 ing it well in working -, theii put the reft of the powder 

I -in by degrees, and work it all together: fpread it in a 

f^iixough, and through a hair fieve run 3 pints of oil all 

over it : then work it ivell together, arid run it through a 

cane fieve. 

N. B. 
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N. B. In the following eAiinate for the quantity of 
ftores requifiEc, the reeds for the barrels are not 
included ; it will take 1 00 ihort double dipped more 
than thefe fpeciBed; but their value is included ia 
the article of barrels. 

Stores for a FireOiip of 150 Tons. 





Numb. 




Value 










. s. 


d. 


Fire barrels — 


8 


80 


; 





Iron chambers — 


12 


12 








Priming compoGtion barrels 


3i 


21 








Quickraaich barrels ■ ■ 




3 


: 





Curtains dip|ied 


30 


3 


: 





Long reeds fingle dipped — 


150 • 


10 


: 15 





^^— ^' ^^S^^^ 


75 

75 


2 
I 


18 
<7 


1 


Bavins fingle dipped — 


209 


10 









tQuantity of Corapofition for preparing the 
Stores of a Firefhip. 



pe- 



Mp 


corn 
pow. 


pit 

ch 


ro- 
fm 


low 


tar 


oil 
pts. 





960 


4S0 





80 








■75 


I+O 


35° 





21 








II 





200 





3S0 


■75 


50 


25 





■7s!3tol"3i" 


S30 


^ 


_,30 


^s 


I i| 



"Far 8 barrels — — 
POf 3. 5 barrels of priming 
oompofition — — 
For (he curtains, bavins, 
■nd reeds far ihe ihip, 
and fulphur for falciug 
them — -V 

Total — 



Total weight of the compofition 3017, equal to 
Compofitic* 



1156 F I R E W a R K S, &c; 

Compofitioa allowed for the reeds fen- die barrels 
one fifth of the whole of the laft article, which is equal 
td 163 U>« ^nd makes the whole 31.77 pounds, or 
C28: I :j(3. 

We have completed the feveral branches of the Art oi 
War, in e^ht volumes in oftavo, as promifed. We have 
done all that lies in our power to treat them with perfpi- 
cuity and cleamefs, in order to reduce the whole to as 
Imall a compafs as poflible, for the fake of thofe military 
gentlemen who have an inclination to be mailers of thdr 
bufineis in a ihort time. We could not enlarge upon 
every particular fo much as might be neceflary ; yet who- 
ever renders himfelf mafter of what we have faid, wilL 
find that nothing very material has been negle3:ed» * 
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M. BELIDOR's New Method of Minin 




TowBich is added, 

M. VALLIERE on Countermines, .ii 

THIS work is, to (hew the fallacy of miners in gene- 
ral, in regard to the eWe&. of powder confined in 
mines, and to eikblilh tiie true theory of mines, upon a 
folid foundationi which being likewife confirmed by ma- 
ny unexceptionable experiments, cannot fail of meeting 
with the api>robation of every unprejudiced reader: as to 
thofe who find fault with every thing new, that feetns to 
contradifi an old eftabli(hed opinion, though ever fo erro-. 
neous, theif ccnfurcs will not be regarde.:!; nor will any,. 
objeftion whatever be admitted, unlefs fiipported by welt, 
attefted experiments. 

If t ou imagine a large globe of earth homogeneous irt 
all its pans, and a certain quantity of powder lodged in' 
its centre, fo as to prcduce a proper effeft without burftingL- 
the globe-, by fetting fire to the powder, it is evident,, 
that the cxplofion will aft all round, to overcome the 
obftacles whicl) oppol'e its motion -, and as the particles 
of earth are porous, they will comprefs each other in 
proportion as the flame increafcs, and the capacity of 
the chamber mcreafes likewife. But the particles of- 
earth next to the chamber will communicate a pari of 
Their motion to thofe next to them, and thofe to their 
neighbours; and this communication will thus eontinue 
in a decreafing proportion, till the whole force of explo- 
fion is entirely fpenr, and the particles of earth beyond 
thjj term will remain in the fame ftatc as they were. The 

particles 
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particles of earth that have bceo afted upon by theF 
ofexplofioLi will compofc a globe which M. Belidof calls ' 
the Glohe of Comfrrffun. 

The foregoing experimenr is cafilf comprehended ; but 
when po^vder Is lodged in a mine, where the weight of 
thecardiin the line of leaft. refiftance, is lefs than at the 
fides and underneath, it fcemiagly appears, that as foon 
as the force of expIoCon reaches the furface of the ground, 
it would throw up a certain quantity of earth, and leave 
ahollowin theformofafruftumof acone, with noother 
effetft upon the fides or bottom; as likewife, that when 
the mine is overcharged, the bafe of the excavation, in- 
ftcad of incrcafing, would rather diminifh, becaute the 
force of C!(plofion being greater would fooner reach the 
extremity of rhe line of leaft rdiftance: it is in this light, 
that all prafttcal miners have hitherto confidered the 
aftion of powder lodged in mines ; and from thence con- 
cluded, that a certain charge will form an excavation, 
whofe grcatcft diameter ftiall be double the line of leaft 
refilhnce ; a lefs quantity raife the earth only a little, and 
a greater throw the earth up higher, and diminilli the 
diameter of theexcavation inrtead of increafing it. ' 

As abfurd as fuch an opinion maybe, that a greater' 
force produces a lefs effeiA than a more moderate one; 
yet it has prevailed amorgft all the praftical mlfters ini 
Europe; without con fidering that there may be phyfical 
caufes in nature, with which they wore unacquainted, and 
that no theory of this kind fhould be admitted unlefs 
fupiiorccd by well attefted experiments. 

M. BcHdor made fcveral experiments with various- 
chaiges at la Fere, from which it appeared, that the 
'greateft diameter of an excavation may not only be made 
double, but treble or quadruple; yet fome old miners 
of note, who were prefent, could or would not believe it, 
though they had fecn it, much lefs thofe who were abfcnt. 
Thele experiments ihewed that the diameter of the exca- 
vation could be made greater than was imagined; but 
for what roafon, was not hitherto known, ifill M. Belidor 
demonftratcd it, in the Memoirs of the Academy of Sci- 
ences 
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froni which this work has 



cnces at Paris, in 
been extradcd. 

To explain the reafons on which the principles of mines ,1 
are grounded, it is neceflary to confider not only the 
refiftance which the weight of the earth and the cohefioa 
of the pans make againft the force of explofion, but 
likewife the preffion of the atmulphere, which is fo' 
great as to counterbalance a column of water of thC' 
fame bafe, and whofe altitude is 3^ tcet, which anfwers 
nearly to a height of a middling foil of about 22 feet: fo 
that if the line of leaft refinance of a mine is 10 feet, the 
force of explofion muft not only overcome the weight 
of 10 feet of earth above it, but 32 feet, properly fpeak- 
ing. It is to be obferved, that this weight rdifts the 
fijTce of explofion no longer than till the mineburfts, and 
the explofion gets a communication with the air, becaufe 
then the prefllire of the air ceafes. ' 

Place I. fig. I. As the powder does not fire all at 
once, but gradually; fo the force of explofion increafea , 
proportionally, and condenfes the earth all round in a 
iphericform. as has been obferved, till this force over- 
comes the refiftance of the earth and atmofphere, which 
cannot happen before the earth rifes in the middle into a ' 
Ipheric form, and the radius (C A) of explofion extends to 
the forface (A B) of the earth ; and then the explofion get- ' 
ting a free communication with the air, raifesthe earth to 
a confiderable height, and forms an excavation of a curve- 
lined figure, fuch as A h. Bj the point C reprefents tha 
centre of the powder or chamber. 

It is a known principle, eftablithed by fafts, that the 
force of explofion is always proportional to the quantity 
of powder fired; and as the force of explofion ada in * ' 
fpheric form, and fpheres are as the cubes of their radii, 
il is evident, that the forces of ejcplolion, or the quanti- 
ties of powder fired, are proportional to the cubes of their 
radii. 

This proportion will always told good in an uniform 
foil but varies- iccording to the dcnficy : and if the cham- 
ber of a mine be placei! on a rojk, or fomc other hard 
fubflance, the diameter of the excavation will be greater 

than 
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than it would have been otbcrwife; hecaiife the forced 
explofion being refifted downwards, will acl; with a grean 
violence towards the fides and upwards. A mine ])laca 
in a foil of a greater denfity and tenacity than another e 
the fame depth, requires a greater charge in proportion ; ' 
"but it mull beobferved, that the tenacity is not propor- 
tional to the furface of the excavation, as M. de Valliere 
and feme others pretend, but to the folid itfelf, as we 
have Ihewn in page 2zi of our Attack, where we treat 
of the proper charges of mines. 

To find a proper charge of a mine in any foil, fo as to 
produce a given diameter, an experiment mine mull be 
made in the fame foil, fufficiently charged, fo as to produce 
a proper eifeft, and the line of leaft refinance exactly mea- 
fured, as well as the diameter of the opening, by which 
the radius C A of the globe of comprtliion will be found: 
then fay, ite cube of the radius of ibe globe of comprejfion 
\ found fiy the experiment^ is to the cube of the radius of ibt 
fropofed Kjjac, as the charge of the experimmt mine is to the 
charge required. 

And to find the diameter of a mine whofe charge is 
given, fay, the charge of the experiment mine is to the given 
(bargi, as the cube ef the radius of the firfi is to ihe cube of 
the radius of ihe faond. From whence the diameter re- 
quired is found by this equation, C A' — CD*=:ADi 

Amongfl fome mines made at la Fere, one was charged 
with iTolb. and another with ;<oolb. the line of ieaft 
letitlance of both was lo feet: the diameters being mea- 
fured, the firii was found 2C feet, and the fecond 27. 
Now to find this lafl: diameter by the theory, add the 
fquaresofio, the line of Ieaft refiftance, to the fquare 
gf 10, half the diameter 20, which gives 200, for the 
fquare of the fadius whofe cube is 2828; then 170; 
300; : 3828 : 4990, this fourth term is the cube of the 
radius of the fecond mine, whofe root is 1 7 : and if 
from the iquare 289 of this root, the fquare 100 of the 
line of lealt refiftance be fubtrafted, the fquare root of 
the difference will be 13.7 and 1-7.4, twice this root, the 

diametet 
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iliameccr requircil : wlilcb is nearly the fame as has been 
found by the ex[>erimenc. 

Let a mi..e be loaded with gSolb. in the lame foil, and 
[be line of lead retiftance 15 feet: then 170: 980: : 2828: 
16304 : for the cube of the radius, And its logariihin 
4.jj2i4,mul(ii)licdby 2,anddividedby3,gtves 2.808261 
nw ihe iogantlim of the fquare of the radius, which an- 

rers to the number 641, from which fubtrailiiig 2^5, 
Wie frjuare of the line of'lcaft refinance, and taking the 
Tquare root of the difference 418, we get 20.4, and 
Iwice that number gives ^0.8, which exceeds 40 feet 
1 inches, found by experiment, by about 5 inches. 

Having mafleanother mine in the fame foil, loaded with 
36colb. of powderj and of the fame depth, viz. 15 feet, 
the diameter was found to be 70 feet: now if 170: 36-0: : 

28:59887, this fourth term is the cube of the radius, 
whofe logarithm, 4^77733, multiplied by 2 and divided 
"by 3, gives 3.1^48^8 for the logarithm of the fquare, 
which therefore is :_i;30i from this fubtrafting 225, the 
fquare of the line of leaft refitlance, the fquare root of 
the difference 1305 will be ^6, and twice this number 
72 the diameter; wliich is 2 feet more than that found 
by experiment. 

M. Belidor, finding the diameters of mines loaded with 
great charges, greater by computation than by experi- 
meiiis, imagines that it ivas owing to the cubical cham- 
by which the quantity of earth above them is lefs 
in proportion than in fmall ones ; but whether this rea- 
fon isjuft, or that the diameter and the line of leaft re- 
Cfhmce have not been rightiy meafured, is not certain i 
for a friend of mine found the contrary in fome very ac- 
curate-experiments he made. 

Having given an account in page 2^2 of our Attack, 
t:f fome experiments formerly made at la Fere, and o m- 
})ut^ their diameters from the parabolic figure, vvefhall 
"icrc-compute the fame diameters from the globe of com- 
pref&on. The fjrlt was loaded with 120, the fccond 160, 
the third zd(^ the fourth 240, the fifth 280, the lixth 320, 
»nd the fevciuh with 360 : the line of Isijft rsfiflance wjs 
M '10 feec 
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lo feet in all of themi ths diameters were founff 
be, ift, ^2 * 2d, 26, -,(1, ay. 4th, 31^, -.th, 3;j|, 6ih, 
36, ;th, 3-. feet. Now taking the diameter of any one 
as known, for example, that of the fecoiid 26, whofe , 
globe of comprcfTion will be found to be 44 1 2 ; then as .' 
tbe globes of tomprcffion are proportional to the charges, ,1 
theywil! be, ift, 3309; 3d,5j'5*. 4th, 6618; 5th, -jyii i 
Cih, 8S2-H 7th, 9927: the fquares of their radii, iflr, , 
225.05-, 3d, 3'2.i5; 4th, _^52.49; 3th, ^90.64; 6th^ 
' 427.02; 7th, 461.9; and the radii of the bafes, ifl:,^ 
^■ti.o^; 3d, 14.56 ;4th, r_;.S8; 5th, 17.04; 6th, iS.c" 
7th, 19.02; whence the diameters arc, 22,1; 29.12; 31.; 
1['4.o8; 36.16; 3K; which Ihews that the greateft dlf- 
ftrence between the meafored and computed diameters isu 
[."not above 6 inches. 

The near agreement between the diameters, computed 

Rrora thefe two different methods, feemingly to different, 

"^ipears extraordinary. I found befides, in computing 

;c tables by both of them, that one gave the charge 

lomething greater than equal, and afterwards lefs than 

JJiie other; butrhc differences were immaterial. 

*' Wc have hitherto computed the diameters of mines 
J from their charges; wc fhaU now give fome examples tt> 
EThew how to find the charges, from the given diameters^ 
f^hus a mine made in the fame foil as the laft feven, whofe 
)^n6 of lead refitlance is 1 o fest, it is required to find the 
Ji*chara;e fo as to make a Jiameter of 40 feet : the fnm of 
Kflic Iquares of the line of leaft refiftance 1 o, and half tht 
f*3!ametcr 20, gives 500 for thefquarc of the radius of the j 
(•globeof comprefEon ; and the fquarenot .^2.36 of £ 
f'ihulti plied by 50P, gives iiiso f(jr the globe of com- J 
[ prefllqn ; then the gtobe of comprcffi.in 4,12 of the fe-l 
[ 'tend mine, is to the gl>be of comprefTion 1 1 i!<o, as the- J 

'^arge i &u of the ■ exjKriment mine is to the charge re- 

"Squired, which will be ^lo^lb. nearly. 

P."^' Let a mine whofe line of leaft refiftance is 10 feet be 1 

■loaded with i;o!b. of powder, and havft-a diameter 6f' 

20- feet; it is propofed to make another itJ the fame fori, 

wliofe line of leaft refiftance is 15 feet, and its diameter 

70. 
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70, to find its charge. The fquare 1225 of half the dia- 
meter 70, added to the fquare 225 of the line of leaft 
reuftance 10, gives 145 \ whofe root is 38 nearly; and 
1450, multiplied by 3S, gives 55100 for the globe of 
compreffion, and as the globe of comprelKon of the 
experiment mine has been tound above to be 2828, we 
have 2828 : 55100: : 170: 33121b. of powder for the 
charge required, 

M. Belidor fays, to flifw the application of. the globe of 
compreffion in the defence of places, I Ihall explain the 
planes and profils of countermines made at la Fere, to blow 
up the befiegers canHons, and throw them into the ditch, 
together with anodier experiment, which threw the can- 
nons into the fortification. 

It is well kncwn, that when once the befiegers have 
eftabliflied their batteries near the covered way, to make 
a breach in an outwork, or the body of the place, they 
become pradlicable in 2 or ^ days, then the befieged 
are obliged to furrender •, f ; than the only refourcc remain- 
ing to them, is to Wtard the finifhing thefe batteries as 
much as poffiblei by all the ftratagems that can be ima- 
gined i but nothing difconcerts the befiegers fo much as 
the deftroying then! by countermines, and to throw the 
cannons into the pofleflion of the befieged. 

Every time that batteries have been deftroyed by 
countermines, the caainons have been thrown into, the 
trenches, becaufe the refifl:ance is srreater on the fide of 
the parapet than oh any other; but when the fame ground 
is blown up fe vera! times, the chambers may be fodif- 
pofed, that when the befiegers have re- eftabliflied their 
batteries for the fecond or third time, the cannons may 
be blown towards the place; becaufe the earth to fill 
up the excavafion having much lefs teniJcity than the 
former, that fide which was the flrongefl: becomes the 
weakeft, ' 

By following this method, I have in 1724 conftrtifted 
countermines under the glacis of the polygon at la Fere, 
to blow up the batteries fuppofcd to be eredted by the be- 
fiegers three dmes, 

M I Plate 
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Fig. 2 
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. 3, 4. The firft chamber C, blew up, , 
two 24 pounders towards ihe trenches as ufual : the bat- 
teries being re-eftabliftied, the chamber D threw the can- 
non? iiuotheditch ; thebatteriesbeingre-eftabliflied again, 
the chamber E threw the cannons again into the ditcb^ 
to the great furprife of the fpeftators, ef(:ecially to fomc 
" of the miners, who expefted quite the contrary. For it 
was the firft time that this method had been pratStifed ex- 
cept at the fiege of Turin in 1 706, where by chance one 
of^our pieces was thrown into the covcrr-way, which 
the befieged carried in triumph into the town. 

As fuch an advantage is extremely proper to raife the 
courage of the garrifoii, and to difcourage tlie befiegers, 
by the length of time to re-eftabliih the batteries, we 
thought we could not fliew better our attachment to his 
majerty's fervice, than endeavouring to improve this 
branch ofthecoitnterntines, in fuch a manner, that the firrt 
mine, called fougafle, having only eight or ten feet of 
the line of the leatl refiitancc, may throw direftly the 
enemy's guns into the ditch of the place, and even inca 
the work, in order to make ufe of them againft him. 
This method may be ufed in places which have wet ditches 
as well as the dry; fmce by finking only 3 feet under the 
level of the covert way, the height of the banquet and 
parapet give 7 feet more, this makes a fufEcient line of 
leaft refiilance to blow u]) a battery. If S feet can be funk 
inftcad of 3, the battery may be twice blown up, and 
a third time if 1 j or 14 feet can be funk. Thequeftion 
is then to throw the cannons the firft time into the ditch j . 
for afTerthat,there is no doubt bucit may be done again as 
often as theenemy atceuiptstorail'e them, and the depth of 
the ground will allow it. 

This projeiil being fcnt to court, was ordered to be 
put in practice in 1739 ; for which reafon a battery was 
raifcd in a!! its forms, for two 24 pounders. Under 
the middle of which a gallery b' G, fig. 5, 6, was 
made from the foot T, of the banquet of 20 feet long, 
from which z branches GH, GI, were made, each of them 
7 feet long, to place the chambers A A, whofe lines of 

leaft 
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^bA refinance was 7 fen only, being under the axle-trees 
BB the pieces; the gallery was continued in a flope, to 
make from thence 2 other branches K L, K N, in the 
fame manner as the precediiig, but lower, to place 
^the chambers B, B. whofo line of leaft refiftance was 
^^K} feet, and at the fame diftance from the former A, 1 
^^Kken horizontally, in order to have the right ant^Ied 1 
P^nfectes triangle B D C, fig. 5, whofe hypothenufe B C, 
' (hews the direftion of the action of the powdef. 

The intent of the llttl? chambers A, A, being to over- 
come the tenacity of the foil, without any other efitft, 
were charged each with 20 pounds of powder only, where- 
as the others B, B, were each charged with 600 pounds. 
The length of the leaders were contrived fo as the fire ■ 
being fet to it at F, it went to G, and from thence to 
the chambers A, A, and to the point K. at the fame time, . 
and CO the chambers B, B, in a few fcconds afterwards : 
the firft, A, A. having produced a proper eSeSt, ihe , 
fecond B, B, met with iefs rehftance towards the wheels , 
of the carriages than towards the trail, raifed the pieces 
10 about 40 fathoms, and then thtcw them 35 fathotns • 
from [he battery into the ditch. 

The effeCT; of thefe mines was mach greater than ex- 
peded, even by thofe w'ho had the mort favourable opi- , 
nions, from the bare expofitijn of the projetft: the molt 
expert in mines at U Fere were more fenfible than ever of ;. 
the certainty of the principles eftabliflied in our theon,', ! 
and of aii the advantages that may be obtained from the , 
globe of compreffiji 

Though rhe centres of the two chambers were iS feet 
from each other, they yet produced but one excavation 
of an elliptic form, whofe greatcl.1 dia.:Tieter was found 
to be 45 feet, and the leaft 27; the depth iS, and the 
bottom well cleared, withooc hurting the parapet of the 
covert way. If then 2 mines produced fo great an ex- ' 
cavation, to Avhat extremity will the bcficgcrs be reduced - 
if a battery of 10 or i j pieces was blown up: for where . 
will they find earth enough to fill up an excavation of ^5 
^■140 fathoms in length, 5 in breadth, and 15 feet deep ' 
^M M 3 What 
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What time will be loft in repa'rirg all th«fe dajnage^n 
ard what definition there mufi be amorgft thefoldiers, 
from the fire ot ihells, carcafles, and granaries, conii- 
nually tbrown into fuch a confined pbcei 

Experiments made at Bisv in July, i753» 

' by order of the French King, together 

with their Ufe in the Attack of Places. 

THE intent of thefe experiments 'tas to render ufc- 
lefs the coutirerralnes of a befieged toun, by 
burfting the galleries all round, above and bdo\v, to a 
certain diflance, orto change thele galleries into fo tnaoy 
trenches, by which the coveit-wa. may be taken at 
once with very little trouble. His raa'icftv being iiv 
formcd of thefe means, ordered that experiments flioutd 
be made near the caftle of Bily, belonging tc. the duke 
of Belleifle. In confequerce of which, a detachment 
of 75 miners, with their o^Tcers, was lent there trom 
the artillery I'chool at la Fere. The work begun with 
what belongs to the globe of comprcfiion ; a fpil had 
been pitched upon the mod uniform that could be found, ■ 
which happened to be a hard faiid, mixed with gravel ; 
there were made 4 gal!erie5. A, B, C, D. fig. 7, 3 feet 
wide, and 6 high, fo as to form a redlangle, whofe 
fides anfwered nearly to the 4 cardiral points : the a op- 
pofite ones A, B, which faced the north and fouth, were 
each 10 fathoms long, and the other 2 C, Li, which 
faced the weft and eaft, 12 fathoms; ihey were lined 
with ftones, in order to Ihew that mafonry was rather 
an advantage than sn obflacle to the cfFeiil of powder: 
the bottom of thefe galleries bad a llope of 6 feet 3 in- 
ches, and the mean depth was 1 5 feet under the fur- 
face of the ground, which terminated in a i^efcept fom 
fouth to north, between the interval of the galleries of 
that name. In that to the eaft, C, a branch, L K, was 
made at right angles of n feet long, and at K another, 
K F, at right angle to this, to place a, chamber, £,30 
feet diftant from the gallery A, 36 from D, and 42 from 
"^ B. 
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B. The other galleries were made by means of 2 ihafts 
or pits, M, I, the one M, to the fouth was 16 feet deep, 
and the other, 1, to the north" 20. 

When thefe galleries were finifhed, ihe laft pit, I, 
was deepened nine feet more-, fo that the bottom \, 
iig. 8, was 29 feet below the furfacc of the ground 
near the chamber. After this a gallery, YX, was made 
going dircftly under the chamber E, with a defcent of 
iS inches, and 5 feet high, by which its top was 14 feet 
below the centre of the chamber E, the whole fup- 
ported with ftrong planks of oak, and dill in the fame 
Ibrt of foil as mentioned before, but fo hard, that the 
miners were obliged to ufe the chilTels. Such- was the 
difpofition ma ie ro what belonged to the globe of com- 
preffion ; whofe objeft was to Ice whether it would burft 
all thefe galleries. 

As it does not appear natural, that a mine, whofe 
efFe.:l Ihould be on the weakeft fide, would burft galle- 
ries at a di^'ance of 4 times the length of its line or leaft' 
refinance, it is no wonder that it fhould have be^n 
doubted ; though the experiment made at la Fere in 
1732, Ihould have been a proof of it, as the facftwas 
ciiablilbed' upon the preceding theory, yet the miners 
-were not convinced, .pretendin^< that the powder had 
penetrated between the foft -oil and a bed of ftrong clay, 
ib far as to burft the gallery. :t was plain, th^t by ad- 
mitting this theory, the old, .and all its confequences, 
muft of neceflity be rejefted. 1 kept filence U|)on this 
article till 175.?, when, in a difcourle which 1 had the 
honour to make to his majefty on the efFcift of powder 
in mines and fire-arms, he ordered immediately that I 
Ihould be furnifhed with means to make farther exp.- 
rimehts, which are ihofe I have now defcribed. 

The iSth of June, the count d'Argenfon, who ar- 
rived the night before at the duke of Belleifle*s, at the 
caftle of Bify, with fome gi'nci-al officers and other j>er- 
fons of quality, who came rheie out of curicfity, went 
early in the morning, to vifit all the works of the mines -, 
after this fire wa-s fet to the globe of compreflioii, v, hich 
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had been loaded the night before with 3000 lb. of pow- 
der : it raifed the earth to about 1 50 feet high. They 
then went to fee whether it had deftroyed the galleries 
about it, as well as thofe underneath, and to what di- 
ftance the globe of compreffion had afted; it was found 
that it formed an excavation perfedly round of 66 feet 
diameter, and 17 deep. 

The eaft gallery C, lined with fnafonry, and at 2^4 
feet diflant ftom the chamber^ was entirely burft from 
one end to the other. 

The fouth gallery A, at 30 feet diftant from the 
chamber, was equally burft froni one end to the other, 
except 2 fathoms near the entrance M, at the weft. 

The weft gallery D, of 12 fathoms long, and 36 feet 
diftant from the chamber, was deftroyed to the length of 
7 fathoms, 3 fathoms were left near its entrance at the « 
north) and 2 fathoms on the other end. 

The north gallery B, which was 10 fathoms long, 
and 4z feet from the chamber, was deftroyed all but 
2i fathoms at its entrance at the weft, fo there was 8 fa- 
thoms imprafticable, which were divided into 2 equal 
parts by tne perpendicular drawn from the centre of /he 
chamber to that gallery. 

As that line formed a right-angled triangle, with half 
the gallery deftroyed, whofe hypothenufe is 48 feet; 
which hypothenufe is the radius of- the globe of compref- 
fion ; this fliews that the globe of compreffion would 
have deftroyed a gallery at that diftance, and confequently 
quadruple the line of leaft refiftance. 

the gallery Y, Z, S, fig- 8, which paffed^ und? r the 
chamber E, whofe top was 14 feet from it, and length 
69 feet, could not he entered farther than the length . 
Y Z of 24/ feet, fo that 45 feet of it was deftroyed; 
as the extremity of this gallery was 9 feet beyond thf 
centre of the chamber, it apj)ears that there remalos 
60 feet from the middle to the entrance, and as there 
were 24 feet not deftroyed, there remained 36 deftroyed 
on that fide, which taking for the bafe of a right-angled 
triangle Z S E, and the perpendicular E S being 14 feet, 

the 
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the hypcttbenufe E Z, is found to be 38 feet, which 
therefore is the radius of the globe of compreffion : fo 
that it- would have deftroyed a gallery whofe top had 
been at that diftance under the mine, confequently 
50 feet under the furface of the ground, which is the 
greateft diftance that a gallery can ever be made, Thefe 
are fads yet extant, and which may be verified upon 
the fpot. 

. From hence it follows, that if the line of leaft refift- 
ance had been 1 5'or 16 feet inftead of 12, the globe of 
compreffion would have deftroyed a gallery at 60 feet 
diftant from the centre of the chamber ; confequently 
if the chamber was placed at that depth, and nearly in 
the middle between twoliftning galleries, whofe diftance 
is generally from 15 to 24 fathoms, it would have burftcd 
both the envelope an J all thofe under and above them, 
by increafing only the. quantity of powder in proportion. 
This proves the great ufe that may be made of the 
globe of compreffion, in the attack of a place counter- 
mined. 

It has been found, that to make ufe of the globe of 
compreffion in a common foil, the chamber fhould be 
made upon the fame level with the galleries, and its 
greateft diftance be about quadruple its depth nearly ; 
then the diameter of the excavation will be about 
fextuple that line. A nd to find the charge, multiply 
3 times the line of leafi refijlance^ exj. rejfed in feet by 1 00, ani 
the produS will give the number of pounds of powder for the 
charge required. For example, having 2 or 3 contiguous 
galleries, 15 feet deep, at a diftance not exceeding 60 feet ; 
make a Ihaft in the moft convenient place, and from 
thence carry a branch to eftablifti the chamber: then 
3 times 1 5, the depth of the mine, multiplied by 100, 
gives 4500 lb. for the charge of this mine. From this 
rule it appears, that the true charge of the globe of com- 

J)reffion at Bify.ftiould have been 3600 lb. for a line of 
caft rcfiftance of 12 feet, then the diameter of the exca- 
vation would have been 72 feet inftead of 66^ and in 
that cafe the weft gallery would have been deftroyed to 
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the quadruple of the line of leaft refiftance, as already- 
mentioned. The reafon for charging the mine of Bify 
with 3CC0 lb. only, was to prevent fome h')ufes near 
it, from beins: damaored. This rule for charging mines 
is not founded on anv exaa theorv, but is iufhcientlv 
exad, becaufc it is better in this cafe, to make the 
charoje grreater than lefs. 

While tart of the miners detachment was occupied 
in whet belonged 10 the globe of compreffion, the other 
ivas at work to conftrucl a place of arms of a covert way 
to countermine it ; in order to change them afterwards 
into trenches of a fiege, and to furnilh means cf a new 
kind of experiments. This place of arm . traced fuch as 
one in a real fortification was found to be in a moll un- 
grateful foil, for the bottom was of a very hard free 
Itone, that could nqt be penetrated without blowing it 
up; and it was covered with a ftrong clay, which ap- 
peared to be againft the intended experiments ; but as it 
■would have been looked upon to favour the experiments, 
by changing the fituation, it was thought proper to con- 
tinue the work in that foil which had been pitched upon 
by chance, fo that if they fucceeded in this, there would 
be no doubt of their fuccefs in any other. 

Plate 11. Fig. 12. At the drpth of 12, ir, 14, and 
15 feet, were made a gallery magifirate i, 2, 3 ; an 
eirvelepe 4 7, at the foot of the glacis; 2 traverfing, 
I, 4 and 3, 7; and 2 limner, r, 8 and 6, 9 ; all being 
5 feet high, and 3 broad. This work being finifhed, 
a fap, B C, was made in the ufusl form, which crofling 
one of the liftners, and within about 4 fathoms of the 
other, as happened by chance. The 16th, the befieged 
miners intending to deftroy this head of the fap, fet fire 
to the mines A, B, carried from the liftner at the right. 
Thefecond mineB, which was 10 feet deep, formed an 
excavation of 27 feet diameter, in which the miners 
entered to ciiicover the galler}% cleared it, and from 
thence entered into the liftner, which was done in 
5 hours. 
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The I , th, the befiegers intending to deftroy, at the 
fame time, and by the fame fire, the liftncr of 20 fathoms, 
the envelope of 24, and 12 of the traverfingj in order 
to which, they begun at the right to place fand bags 
before them ferving as a retrenchment, then placed the 
leaders and put ten barrels of powder in two heaps at 
thcei.dofihe travcr ng gallery-, 16 in 4 heaps into 
the envelope, and as much into the liftncr ; and ftoppcd 
up tliC entrance at the excavation : all this work was 
finlfiied in 7 hours. 

The count d'Arg^nfon being arrived, the befieged 
miners fet fire to the mine C, at the lefr, which they 
had loaded with 200 lb. of powder, in order todeftroy 
the fap on that fide. The befiegers miners entered into 
the excavation, to ciifcovcr rhe gallery; in the mean 
time the befieged fcnt i miners, followed by lord Mel- 
ford, out^ of curiofiry, to obferve the befiegers, who 
being arrived at the envelope, the fmoke of the leader 
"was fo great, that they could proceed no further ; tjjcn 
retired in hafte into the fieih air, to recover from the 
fufFocation they were aftedted with in the attempt. 

An hour after, the farne lord, with a ferjeant and a 
corporal, entered a fecond time into the ^I'aller)', to fee 
whether they could advance farther, but f )und the 
llench of the powder iViU worfe than the firft time ; for 
attempting to go into the liftner, they fwooned away, 
and would have died, had they not been carried out di- 
redtly, efpecially the corporal, who did not recover in 
24 hours. This example Ihews, that the miners have 
not a more cruel enemy than the confined fmoke of pow- 
der; for if they are in it during a few minutes, faint 
away, and die if not properly fecurcd. 

After this event, fire was fct to the leader on the right, 
which fuddenly raifed the upper part of the liftncr, the 
envelope a^^d part of the traverfing, and chanfrcd them 
into trenches, as in fig 13. to the length of 56 fathoms, 
being about 24 feet broad, and about 8 deep; a little 
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after were fprung by tin; fame fire, the reft of the com^ 
municarion or traverfing adjacent, with half the magi- 
ftral in tlie gorge of the place of arms, by mcsns of 24. 
~ irrels of powder placed in fix heaps, whif h changed 
e galleries alfo into trenches, the length of ^o firhoms, 
: is, the liftner on the right, the envelope, the 
raverfing, and the magtftral, .formed one continued , 
* trench. 1 

The fanne day the miners, after having cleared the 4 
klxjttom of the excavation near the liftner at the lefr, ■ 
I'Opened the g.iUery and penetrated into the liftner, char- 
f ged it and the traverfing with ao barrels of powder 
L placed in 4. heaps ; the) charged likewife the other half . 
1 of the magiftral gallery, in the place of arms, with tz \ 
- barrels of powder placed in 3 heaps. 

Things thus difpofed, the count d'Argenfon and the I 
duke of Belleille came the lOth, to Tk the remainder of ] 
', the operations; the firft changed the liftner, which v 
' ^2 fathoms long, into a trench with more fuccefs than 

the former, as being better cleared ; after this, the reft ^ 
[ of the magiftrai gallerv was I'prung, which made 
trench of 20 fathoms. Thefe trenches may be traverfed ' 
and finiftied, as in fig 1 1. 

It may perhaps be faid, that as thef; counEermines ' 
were not defended, it is no wonder that tliefe trenches I 
were fo eafily made : but this objertioii deferves no | 
anfwer ; it is fufficient, that the operations made here 
are what is daily prai^ifcd at the fchool of artillery, 
without any body receiving the leaft harm. 

All thefe experiments being finiihed to the fatisfaftion 
of the count d'Argenfon, without any accident, that mi- 
niftcr, to verify them to the king, had 2 memorial drawn 
up, and figned by Meflrs. Valicre, Gourdon, lieutenant 
generals ; d'Auville, Chateaufer, Gribauvai, captains 
of miners ; Bclcourt, third commander of the fchool of 
artillery at la Fere and Bclidor. 

It is after this memorial that the preceding fadts have 
been written, which cannot be fufpefted of any altera- 
tions. 
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tuuM» ewrjlt thing was approved of by all wlio were 
invited by Al. (.ouni d'Atgenfon) to fee ibeni. 

From thcfe experiments has been deduced a mctliod 
for changing galleries of mines lato trenches, viz. after 
having ilopt the entrance with fand bags or wood, the 
heaps of barrels of powder ftiould be placed at equal 
diftances from each other, to make them take fire toge- 
ther, and this dirtance Ihould not exceed triple the depth 
of the gallerj', from thence the length of tlie leaders 
will be determined. 1 he charge Ihould not be Coo 
great, to prevent the making too deep a trench, 
tor the foldiers to defend them; each heap of powder 
lllould contain as many barrels of loo lb. as there are 
feet in the fourth part of the depth of the gallery, in a 
common foil. For example, having a gallery of about 
24 fathoms, and 16 feet deep, there fljould be + barrcU 
ill a heap, ami 4 heaps, dillant 6 fathoms from the cen- 
tre of the one to the centre of the next, and half that dj- 
"ftance from t!ie-cnds. 'I his may be done in 4 hours. If 
the galleries were iicuated in a different foil, than that we 
have here fupp.jfed, a tiial muft be made to determine 
from thence rhc proper charge. 

. To account for the elfeift of powder in galleries of mines 
■changedinto trenches; I confider that thefe galleries are iij 
the fame cafeas a mufketthat is to be burfl:, which requites 
not to be charged with a great cjuantity of powder. For 
if its'end be well flopped, when the powder is fired, the 
flame being prevented from ruihing our, endeavours to 
extend itfeif, till a fufficient quantity is fired to ovH;rcome 
the obllacle that refills it, opens the barrel from one end 
to -the other. The fame thing happens in galleries of 
mines; for when the heaps of powder are properly dif- 
l«»fed, and the leaders fo contrived as the feveral heaps 
take fire at the fame time, the flame extends all over tilt 
a iiifficient quantity is lighted to burft the gallery. From 
hence it follows, ' 

r. That the method of changing galleries of mines 
ii;ta trenches, will be of excellent life, efpecialty wheu 
iLe.foii is gwvel or ilony, wtiich is impro^jer to pro- 
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ceed by fap; for this is no hindrance to the effefl of 
powder, as found by the experiments made at Bify. 

2. That the countermines, as commoniv made in a 
fortified place, are a difadvantage to the befieged inftead 
of an advantage; efi>ecially, if the befiegers have plans and 
pfofils of tbem, becaufe they cannot fpring an advanced 
mine, without giving the enemy an opportunity to 
burft their galleries, and advance to the covert-way 
rvith very little trouble, and to ereil batteries with 
fecurity. 

3- Henceforward, the chance of the beileged and 
befiegers will entirely be changed, fince the latter will 
find difpofitions ready prepared, which will turn more 
to his advantage, than the place could formerly hare 
received from them. 

4. That in the attack of places countermined, the 
befiegers miners will be of much greater importance than 
ever J fince the taking the covert-way will be their lot, 
as well a* all thofe works whic!i have under-ground 
communications with the place, Kich as the citadel of 
Toiirnay and many others, and the piace itletf, if it has 
any fuch paffagrs. 

5. That the prefent method of making countermines, 
leading towards the covert-wav, muft ncceflarily be 
changed, in order to prevent the enemy from turning 
the galleries to his advantage. 

Plate III. Fig. 17. Toappiy our method of attacking 
the countermines in a place befieged, I fuppofed, the firll 
andfecond parallels made the latter A, B, C, to bedi- 
Itant of about to fathoms from the pallifades of the 
covert-wav, ai'd from thence the trenches are carried on 
in the capital of the ravelin, and inthofe of the adjacent 
baftions of the front attacked j and after this, batteries 
I* are made of cannons and mortars to enfilade by rico- 
chet, the covert-way, and the ramparts parallel to it, 
todeftroy their defences. During this time, the fapers 
carry on the faps towards the places of arms in the co- 
vert way, both faliant and rcntring; to eftablifli the 
heads E F" near the ends of the litlners G, G, before 
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Vhe feliant angles, and the miners proceed iinder-groi 
(o place chambers I, overcharged, between the exlre-JI 
mities of the liftners of the re-cntring angles ; I fuppofe , 
ley have taken the precaution to fink their Ihatts as ' 
rep as the countermines, that the chambers may nearly i 
'Be upon a level uich the galleries, and that the Ihaftt 
are placed in the ttenches K, which lead from one bat- 
tery to the other, not to interfere with any other works? 
from the bottom of thefe fliafts thev make thcgalierie* i 
K L of about io fathoiiTi loiij. This wiH be a worK ' 
" + or 5 davs to the dfablrfhlng their chambersj which 
'Ou!d be finiihed at the fame rime, that they mty be 
rprtmg together ; [he fipers will by [his time be arrived 
the heads E F, to induce the bcfieged to fpnog fomc 
bf their mines, to dettrny thorn; with a little attention 
lU intention may be difcoveied'tlmc enough to with- 
[raw the troop-. 
' Suppofing-, that they have fpning 2 or 3 mines at each ■ 
tde, as foon as this is done, the minors enter into the 
'xcavations to difcover the galleries, which they muft 
to at the fame tinve, while the fapers form a lodgment 
In the excavation. When the galleries are found and 
leared, they flop up tlii?ir entrances, to kee|) in the fmoke 
JRIl they want to make ufe of them. On the Other " 
band, all the globes of compreflion are firod, and fnom 
their excavations fcarch is made on the right and left to ■ 
iftifcover the liftners; fo that, if the meafures have bccB 
rightly taken, 14 entrances into the countermines will be 
fijutid, by which it will be out of the befieged's power. 
I rcfift equally every where; flioiUd there be but half \^ 
lat number praSicable, 'it would be fuilicient to ^ 1' 
Jxlfleflion of all their mines; of which, only thofethat | 
ire convenient to advance the iiege, are to be changed ■ 
nto trenches. 

Obfervatfons cn the preceding Theory. 

That this theory grounded on the globe of comprcf- 
'uDjisa gieat improvement upon the art of mining, 
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muft be allowed : the experiments made at Btfy aod'lj 
Fere, before many military gentlemen, demonftrateit 
great effefts, and intirel/ ovcrfet that old erroneous 
opinion, hitherto believed by miners in general, that 
powder confined in miacs acts on the weakcft fide, 
and not downwards nor fide-ways. Since galleries 
were deilroyed under and at the fides of the chamber, at 
the difiance equal to four times the line of leaft refi&r^ 
ance; whereas before it was fuppofed that it could a' 
make the diameter of the excavation above twice ih 
line. Therefore, as long as this erroneous opinion,: 
lifted upon by all authors, fubfifted, the theory of mine 
couid not be brought to any degree of perfection. 

i he method of throwing the cannons of batteries placed'' 
on the covcri-way, intoihe ditch, is no lefs important, lince 
nothing can diihearcen the befiegers fo much, as to fee 
their batteries for making a bre.ich deftroyed as oft as 
they attempt to raite or repair them. It may be obfer- 
ved that the fmall mines A, Plate I. fig. 6. feem not to be 
abfolutely neceiikry, provided the great ones B, are placed 
direttly under the breech of the gun; for in this cafe, as 
the part of the gun and carriage towards the place is 
much heavier than the other, if the mine be properly 
charged, muft throw the guns towards the ditch, with- 
out the help of thefe fmall mines i for this has been 
effefted by one mine'only, at Byfle.;t camp, fome years 
ago, by Matthew Clark, one of the greateft engineers o£ 
his time. 

The greateft advantage of this theory confifts in 
changing the galleries of countermines into trenches of 
an attack; fince it reduces the mort dangerous and dif- 
ficult part of a fiege, which is that from the third paral- 
lel to the intire poflefllon of the covert-way, into a very 
ftiort and fafe method, fuppofing the place counlef* 
mined. This method is however liable to fome ob- 
jeftions; M. Bclidor mentions one ; which Is, that it w«j 
iiefaidy the ccunlermines in the place cf arms not having 
isen defended, fi is not to be wondered thai fucb an advaih 
.t^ge has heen made of item: without any other anfwerihati 
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^at is daily praftifed at la Fere. Now if the befieged 
are prevented by the fmoke to enter into the galle- 
ries, does not the fame difficulty obflrii(fl the beficgers ? 
It is true, he fays afterwards, that the entrance from the 
excavation is kept flopped till they want to ufe them, 
and when opened, the air enters at one end and drives 
out the fmoke through the other. But then fo foon as 
the gallery is cleared from the fmoke, it may be entered at 
both ends, by which the befieged can with an equal ad- 
vantage defend them, as the befiegers to get pofTeffion. 
And if the befieged are aware of the euemies defign, they 
may ftop the entrance on their fide, by which it will be 
impoffible for them to make ufe of them againft the 
place. It is true that the befieged deprive themfelves 
of the ufe of the refl of their countermines, unlefs they 
are loaded and flopped beforehand, which is not to be 
done in certain circumflances* 

If thefe flratagems ihould be forefeen by the befieged 
and prevented moflly, yet by means of the globe of 
comprefTion, their galleries may be deftroyed fo as to be 
quite ufelefs, the befieged will be enabled to proceed in 
their trenches, and raife' their batteries without any other 
diflurbance but. from, above-ground. From whence 
it clearly appears, that the countermines, formerly the 
greatefl obftacle of a fiege, are now of very little advan-^ 
tage to a fortified place. 

The great efTeft of powder, though not confined, as 
hitherto thought necefTary, has been known long 
ago. In the duke of Sully's memoirs, page 136, 
oftavo edit, vol.1, we find this remarkable paflTagc; 
** the king of Navarre took Monfegur. Captain Milon 
** inclofed five hundred pounds of powder in a bag, 
** which he found means to introduce into a drain, from 
^* the town into the ditch between two principal gates 
-^^ of the town ; the end of the leader was hid in the grafs. 
*^ Every thing being ready to play off this machine, 
*^ the king gave us leave to go and fee its efFeft ; which 
** was furprifipg. For one of the gates was thrown 
•* into the middle of the town, a,nd the other into the 

N *« field 
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•' field, fifty puces from the waU : aU the vaults v 

" deftroj'ed, aiiJ a palTage was made in the wall fo^ 

** 3 men to enter a-breatl, by which the town 

" taken " 

M. Vallicre's Differtation on Mines, 
their Advantages in the Defence 
Places. 

I ftiall not give, in this diffeiTation, the conftrufflion 
of mines or countermines, the pofition of liflnetfi, cham- 
bers, their charges, nor the manner of ufing them j 
but only a general idea of the advantages which may be 
drawn from countermines, if they were conftrudred and 
defended as they fliould be. To explain every thing, it 
would be neceffary to enter into the particulars of the 
praifiice, befides trigonometry i treat of the theory of the 
coUifion of bodies J the communication of motion ; the 
redfbiQce offolidson the various forces of percuffion, 
and elafticity of the flame, arifing from different quan- 
tities of powder on the time ; the different manner of iu 
inflammation, indifferent fire-arms, according as the fire 
is conveyed; and, in fliort. Into the phyfico-mathemsti- 
cal knowledge, which requires a chain of demonftrations 
fufficicnt to fill a large volume, of which thisdifcourfc 
could only fervc as a preface. 

When Spain made the conqueft of the kingdom of 
Naples from the French, Francis George, an Italian ai'- 
chitecT: at Napks, propofed to Peter Navarre, the 
Spanifli general, befieging at that time the caftle del 
Ovo, a method of becoming foon mailer of this caftle; 
the French who defended it, were the firft who fek the 
efltd: of powder In mines ; the architeff, whether by 
knowledge or by chance, placing the powder tn fuch 
a manner, that he threw the wall and garrifon into the 
fea. This was then the origin of the artificial vulcano. 
invented to facilitate the taking of places; bu': it is found 
on the contrary, that it is more advantageous in tlie 
defence, without having as )'et been ri°;htiy confidered. 

It 
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. It is known, that the perfeftion of arts and fciences U 
Ireferved to fucceeding generations. With refpeft to the ' 
fciencc of min^s, judging from what has been praftifed^ 
there arc certain principles, which, according to all ap» 
pcarances, have not as yet been difcovered; and from 
which are deduced fuch fadts and advantageous means 
for the defence of places, as would be unpardonable in 
us to have negle^ed. 

What I have feen beft on the effeft and conftruftion 
of mines, are memoirs, containing feveral experiment* 
of mines made fince thefe twenty- five years ; giving the 
charges of mines pretty exadtly, and the diameters of 
the excavations, according to their different lines of le^ft 
refiflance ; 1 fay pretty exaftly , becaufe there is a certain rule 
and geometrical accuracy to be obferved in thefe things^ 
not mentioned in thofe memoirs. For inftance, it has 
been found in practice,* that alefs quantity of powder 1$ 
required, in proportion to the earth, in large mines than 
in fmall: the reafon given by fome is, that a great quan- 
tity of powder producesa greater force in proportion than a 
lefs; but thofe that argue in this manner would foon have 
difcovered their error, had they confidered, that not only 
the weight to be raifed is to be confidered, but likewife 
the tenacity of the parts ; and as the tenacities are propor- 
tional to the furfaces, and the weights to the folid formed 
by the excavation; and the furfaces of large bodies are 
lefs in proportion than in fmall ; the charges of large 
mines fliould be lefs in proportion than thofe in fmall. 

This difcourfe on the proportion of charges only, ihews 
the necefEty of geometry in the ufe of mines j the bare 
knowledge of the prafti'ce is not fufficient to underftand 
what has here bcenfaid: there are befides other cafes, 
wherein it rarely fucceeds, though it be fufficient in the 

N 2 attack 

* All the fubfequent argument appears to be withoat foundation, 
hy all the experiments made at la Fere at different times. For it was 
found that the charges were always proportional to the quantities of 
earth blown up, qr the globe of compreflion. M. Vallierehas noc 
kflened the charges of large nines in his tables ; which alfo con* 
tradidi what is here faid. 
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attack of a place not countermined; becaufe when n'tf 
thing obftriitts the miners palFage, it Iseafy to blow i*j 
a coiinterfcarp and make a breach in a baftlon, and tF\ 
forae mines do not fucceed, it is owing to the ignorance, 
fcarcely pardunable, of thofe who undertake to conIlru<5l 
them, unlefs fome unforefeeii heterogeneous matter in- 
tervenes, and forces the powder to aft differently from 
what it would have done in an uniform foil; but this 
accident happens oftncr through ignorance than any thino- 
tlfe, becaufe a Ikilful miner commonly knows where 
thefe inconveniences are to be apprehended, and if he 
does not know how to remedy them, he fhould at leaft 
give notice to the general. 

It has not yet been rightly dirtinguifhed, how far the 
word Countermine agrees to mines prepared for the de- 
fence of places ; all know how much they intimidate 
the befiegers, but the harm ihey have hitherto done is 
nothing in comparilbn to what they may do, and \\ hal 
obftrudion they may make. J fhall m.t pretend to fay, 
that they may render a place abfoUitcly imprcgnalile, 
but I do not lee how, with equal fkill, to overcome 
all thcobftacles, nortofncceed in an attack of a place 
countermined properly, and fkilfully defended. 

It is prefuppofed that 1 mean the fituation of a place 
proper for mines, well fortified, with a fufficicnt gar- 
rifon to defend it, provided with warlike (lores, provi- 
fions, and every thing elfe, which experience has ll ewn 
lo be neceffary. 

A miner that knows how to ufe countermines coti- 
ftrufted as they ihould be, may ilop the enemy's miners, 
ftifle them, or deftroy their works in fucha manner, a^ 
lo make it inipoflible for others ro return to the fame 
place, or, if he pleafe, let them enter the galleries, block 
up the pa0age,and take them prifoners, or kill ihem if 
thought proper. In ftiorr, the befieged who know how 
to take ail advantages, will be matter of the fare of their 
enemies; for without mentioning all the traps and ftra- 
tagems wftitU the enemies cannot forefee; finding it iin- 

poflible 
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^Lpcitfible to advance, and the under-ground paflages being 
^^Kapped, and not being able to make mines that can be 
^Kf any ufe to them; if neccffity obliges him to brave the 
^Hcin^s, and to carry on the atrack above-ground, he muft 

I be veiy obftinare to perfift in fpite of all the hardlhips 
that the bcfieged can make him endure, not only in ma- 

I king his approacht.-s, but Hkewife in making his lodg- 

^^ent on the covert way, and every where elfe, where 

^ue dares to carry on this work. 

^1* Ifhe proceeds by fap to the covert-way, it will be 
proper to give him notice from time to time, by fome 
mines, of the danger he is in ; if he makes his attack 
fword in hand, mines appear then ufelefs ; yet they may 
fiarde the troops during the attack, and bury fome men; 
but as the excavations may ferve for lodgments, it will 
be better to referve the mines for diflurbing the work, 
and confequently to gain time ^ befides, thefe firft mines 
ihould not be loaded till they are to be tifed, in order 
tjo be always ready to prevent the enemy from advancing, 
which cannot be done, if they are charged before. The 
snemy being arrived to the covert-waj', may attempt to 
re-enter the ground, whilft he compleats his lodgment; 
but he will again be obttrudled, and find on all (ides 
ijbe fame difficulties as before. So foun as he begins to 
raife batteries for making a breach, it will be proper to 
deltroy all the lodgments on the covert-way by the up- 
jxrmort mines, for very good reafons, and not wait till 
the cannons are mounted ; for thefe fmali mines loofen 

■ the earth where the cannon arc to be, by which the 
^Uext mines will dirow the cannon, when mounted, to- 
^pwards the town. Thefe batteries being repaired, and 

the cannon mounted, which cannot be done in a fliorc 

time, tlie mines, which I fuppofe properly difpofed and 

charged, will throw the cannon, afecond dme, into the 

Kititchofthe place. Such an adventure muft aftonifh an 

■»tiemy, for here is another battery and lodgment to be 

Btnade ; and when other mines throw the cannon again 

^^nto the ditch a third time, if he is bold enough to 

venture raifing batteries again, he will meet with the 

Urns reception. In fliorr, when ihei'c is a depth of earth 

N 3 • -of 
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of 25 ot 30 feet, it is eafy to blow up the fame furface 

rear the covert-way, 6 or 7 times, which certainly is 

more than fisfficient to difliearten the moft oblHnate 
enemy. 

Thefe mines fhould be difpofed in fuch a manner as 
not to damage the parapet of the covert-way, that it 
may remain in a condition to be occupied as oft as the 
lodgment is demoliftied ; at the fame time the faps, 
communications, and parallels, by which the enemy 
maintains his lodgment on the covert way, muft not be 
fpared, fome mines muftcontirmally befprung, wilh the 
precaution to deftroy always thofe works \*'hich are found 
mod complete, ' 

It muft here be obfcrved, that if the depdi of earth 
near the covert-way admits of being blown up 6 or 7 
rimes, it is eafy on a level ground of that depth to dif- 
pofc the chambers of mines in fuch a manner, as to blow 
up the fame fpot 20 times all over the glacis and beyond 
it, becaufe they are not confined on one fide, as thole 
near the covert way. 

If the mines made it imprafticable to make a breach 
with cannons, and yet the enemy is obftinately bent to 
purfue his enterpi ize, what meafures can he take ? Will 
he have recourfe to efcaiades ? This fcherae is chimerical, 
and litde to be feared, for a garrifon that knows how 
to defend itfelf. I mention this, becaufe I hapjiened* 
to be at Landau when befieged in 1704, where the gar' " 
rifon, b'.ave as it was, having done all that could ' 
■expefted, were at laft in fear of an efcalade; on which' 
fufpicion, they determined, after 2 days debate, unfea- 
fonably to let the water into the ditch. Will th( 
enemy have recourfe again to mines ? There are but two 
ways to arrive at the place or outwork ; the one, to pafs 
under the ditch from the covert-way ; a tedious work, in 
which he certainly will be obflrufted; the other, to 
throw the counterfcarp into the ditch, and to pafs it by 
means of an epaulement. In both ways he may fuf- 
ficiently be obftrufted, to be diiheartened. But fuppofe 
he arrives to the body of the work, a principal gallery 

with 
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widi Uffiiers, placed behind the fcarp, will render his 
fiiGcefs iitipcffible. 

The prcfent praAice is, that the enemy advances to 
the covert-way by means of covert-faps, that is, by un- 
derground galleries, leaving only half, or a foot of earth 
over their heads; then throwing down this head, their 
lodgments are almoft quite finifhed. Nothing is more 
cafy than to flop this work, and to oblige the enemy tQ. 
proceed in another manner, if thought proj^r. 

From thefe general hints of countermines it appears 
what floay done, when joined to a proper conduct of the 
garrifon, which may and Ihould, by a well-regulated 
conduct, contribute to the entire deftruftion of the ene- 
my, in taking advantage of all the diforders he is put in, 
by the efFeds of countermines. It muft be confefied, 
that this is the beft, and perhaps the only defence, from, 
which fuch great advantages can be made. 

As we have not as yet heard or feen a defence of this 
mature, what I have faid in favour of countermines, 
. Qiay perhaps appear a mere imagination; yet I advance 
nothing but what is grounded on theory and confirmed, 
by experience; it is matter of fa^, and I not only cai\ 
aflert the poflibility, but likcwife the eafinefs of its exe- 
cution. 

No Countermines I have feen, in the feveral attacks 
I have been at, were difpofedina proper manner, nor all 
the advantage made of them, if properly exerted. It is 
true, that thefe ^advantages depend on fuch mechanical 
principles as are taught by geometry, which few miners 
are acquainted with. 

I muft own, that 15 or 20 miners commonly fent 
ipto a place befieged are by no means fufiicient ; for the 
moft that they can do, is to make a few mine^ here and 
there under the glacis, which only frightens the enemy 
without doing any great harm •, the little time that is. 
gained by them is not worth mentioning. Befides, for 
want of communications, the mines muft be charged at 
the approach of the enemy to the covert-way, which is a 
great difad vantage j to this I. may add| that if the puna-^ 
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ber of miners were greater, if their works are not begun 
before the fiege. the ficuacions are oft fuch, rhat very 
little refource can be expeftcd from ihem. 

To prepare fuch countermines as I propofe, reoLnres 
time and expcnce, but neither are fo confider !^ as 
might be imagined: in 3 or 4 months, if no rock inter- 
venes, a place may befu'Kciently countermined, as far is 60 
or 70 fathom from the covert-way, fuppofing a fufficicnt 
number of workmen. As to theespence,it is a mere trifle, 
in comparifon to the many millions of iivres the fortification 
of a place cofts, to preferve which requires all the care 
and precaution that is poffible; for in a front of a poly- 
gon of 200 fathoms, J fiippofc requires 2000 fdthomsof 
galleries, which may perhaps coft 55000 Iivres in ma- 
terials and workmanihip, and 100,000 lb. of powder in 
referve for that life. 

It muft be obferved, thar if fuch a work be underi 
ken, itfliould be carried on with all fpecd, and withoi 
infermiflion ; all the parts oi a place, fufceptible of mi 
Icing mines, fhould be finiihed together, for it would be 
dangerous to be attacked in a front nor prepared, whilft 
al! the others are ; it will befides inllrud the enemy of 
your condition, which he always difcc)vers too foon. 

The fcience of countermines has a fuperiority over that 
of fortification, becaufe the latter is partly arbitrary, 
whereas the former is determined by the fituatJon of tb^' 
works and nature of the foil: another advanta^, 
mines have, no lefs confiderabtc than the former, is, thai 
the pofition of thefe mines may be fo varied, as to 
iinpoflibie for the moft experienced enemy to gain an' 
intelligence of them. 

The galleries fupported with wood, arc eafier defendei 
and more comm'odious to avoid certain accidents, ch; 
thofe made of mafonry ; but as wood decays, it is mo 
convenient to make thofe galleries, which are to ftand 
Confiderable time, with mafonry, by ebfcrving however 
to make the roof flat, inflead of round as they are com- 
monly made, to prevent certain accidents. As to the 
ot^eftions which may be _^made againft this method of. 

making 
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making counrermines; the moft material is, that t\x 
miners cannot enter thofe galleries filled with fmokc 
arifing from the fpringing of a former mine, which fuf- 
focates them ; but chefe, and other inconveniences, may 
be avoided, by a particular conftrudion of thefe galleries, 
which purifies the air, and makes it circulate". 

General Conftruftion of the feveral Stages 
of Countermines. 

Fig. 1 8, in the line ^ H, reprefenting the flope of the 
glacis, take the line g F, equal to 4, 5, or 6 feet, for 
tile thicknefs of earth to be left to ferve as a parapet to 
the covert-way : take Fz, equal to half the diameter of 
the excavation, and 2O, the perpendicular to FH to the 
line of leaft refiftance 1 then the line F L will reprefent 
ihe feftion of the plane in which the feveral rtages of 
wunterraincs are placed. In order to find the diftancei 
'jf the chambers in that plane, take O M, ML, each 
'qual to F O, and the points O, M, L, will reprefent 
''le centers of the chambers: this may be carried on to 
*Hy depth. This conflrudtion is evident from M. Be- 
Hdor's principles, that the charges of mines are propor- 
tional to the cubes of the radii or lines OF, MO, L M,. 
of the globe of compreflion. 

M. Valliere will have the line M O always equal to 
the line of leaft refiftance, O 2, of the mine next above 
It; bur obferves, that in a foil of an uniform denfity, 
experience fiiews that thefe lines are ro be increafed by 
pne third of the line of leaft refiftance ; fo that if the 

line 

, * What tliis parlicuUr cotiRruflioTi of galleries, which M. Valliere 
mentions here, is, remains as yet a Tecrel; nar can it begucfi'dat: 
for if he means that air-boles may be made' from dillancetodiftaticc, 
ihey may be difcovered from above, and either flopped, or fomc 
fltnking compofition thrown through them into the galleries, and 
thereby increafeinllead of dimjnilhing the danger : or whether, the 
j^alleriei, by having .leveral entrances, and a communication ivirli 
one another, can be freed by ibii means from the fulphurauj ftnoke, 
foon enough to be entered and defended when required, Cin, io mf 
ion, only be known ffotn en per it nee. 
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line of leaft rcfiftance O z is i a feet, O M Ihould be r 
which anfwers owr conftruition nearly. He fuppofes 
likewife in his conftniftion, that the rfiametcf of the 
excavation is always double the line of Iea.1 rcfiftance ; 
but we have proved, that it may be triple or quadruple 
ot that line. It is therefore neccflary in this conftrudion 
to determine the ratio of the lines F z and z O, from the 
charge, to detennine the plane FL of the feveral ftages 
of mines. 

Fig. 19. Ihews the difpofition of the chambers of the 
cnuiitermines, in a legion of the glacis parallel to tl 
covert-Way ; and how tbey Ihould be placed urnler a 
other. 
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Explanations of the Figures. 
PLATE 1. 

Fig. t. Shews the figure of aii excavaiion. 

Frg. a. Shews hoa' the faKnebattcry has been biownupjtimes 

by 3 mines C, D, E, placed below tach other. 
Fig. 3. Shews ihe plafi'of the galleries and chambers. 
Fig> 4.. Pi-ufi! of the fiime mines lengthways of th« battery. 
Fig. i5. Shews how a battety is blown up once only. 
Fig. 6. The plan cf ihs galleries of the preceding mines. 
Fij. 7. Plan of mines cqnftruaed at Bify, to Ihew the efiVa 

of ihe globe of compreffion. 
T. Chamber, wbofelineof leaft refiftance was 12 feci, and 

: ioxtcd with 3OOD lb. of powder. 
1 P. jlS9lhi7 69 ttet ionf, going From the bottom of the pit I, 

fiHIJ f^flti'g 14 feet uniJer the chaniher-E. 
il.0. Kraucli from tlje gallery, 14 feet lower, and 8 didant 

fiom the chamber E. 
Fig. S. Seclioti thro' B A, paiGng thro' the chamber E. 
yZX. The gallerv going from the pit 1, doping 18 inches 

'framYtoZ, the reil being level. 
V^.f.-florlzontal line, and O N the Hope of the ground of 
- 5 feet from the gallery A to (he gallery B. 
■R S. A perpendicular of 26 fest. 
FifT. 9. Section thro' DC of the plan pailing likewife tbra' 

ibc chamber F, iiid the galkrics Dj C. 

PLATE 
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Explanations of the Figures. 
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PLATE II. 

Tig.^ lO. II. Shewing the extent of the excavation made I^ 

the chamber £, fig. 7, ^nd the parts burft ofthe high ani 

low galleries. 
Fig. 12. The plan of a place of arms D in a covert-wajr^ 

countermined. ' * 

Fig. 13. The fame place of arms, a6 appeared when the 

galleries were blown up, to make trenches. 
Fig. 14. The fame as the two former, only cleared and 

traverfed, to prevent being enfiladed. 
F' ^ ^S'\^ fedi6n Of the 13th figure. 
^S* tib.yA feftion through the 14th ligure^ formed int^ 

Heps. 

PLATE IIL 

Fig. 17* Shewstheplanof an attack of a place coutttermisidL 
The great circles, I, reprefent the effedts of the globes of 
compreffion ; and the little circles the countermines fprung 
by the befieged to blow up the advanced faps of the bc- 

fjegers. 
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A Scheme to improve Artlller}% 

. For Sea and Land Service. 

|,F*TAHE itidifpenfable neceflity of having a very Targe 
I JL Artillery, for Sea and Land Service, and the ex- 
traordinary expence attending it, induces me to hope 
I that this propofal for reducing the weight and expences, 
f may be acceptable ; efjiecially as no nation have as yer 
I jiiade any fuch attempt. 

This is to be confidered under two heads : the one to 
L diminifli the weights ; and the other not to ufe any 
f ^rafs field artillery', but only iron ; to leffen the great 
^ burthen of our fhips of war, and to carry larger cali- 
L bers than thofe of other nations of the fame rare. }f the 
I weights of our guns are diminilhed, they will require 
[./ewer hands to manage them, and of confequence, a 
I 'finaller number will be expofed to danger at a time i 
I Tuid if we carry larger calibers, our rates will be a 
[ match for larger fhips 

The advantage of ufing iron guns in the field inftead of 
trafs, Will be that the expences are leffened in propor- 
tion to the coft of brafs to that of iron, which is as 8to r. 
I 7'he only objection againft iron is, its pretended brlc- 
[ tienefs : but as weab«urKl ih iron, that is ftronger and 
I tougher than any brafs, th's objeiflion is invalid. This 
7 1 can aflert : having feen lome that cannot be broke by 
L any force, and will flatiepi like hammer'd iron: if then 
I" we ufe fuch iron, there can be no danger of the guns 
burtlingin the mort fevere aftion. 

Though brafs guns arc not liable to burft, jetttiey 
are fooner rendered unfcrviccable in aiftioii than iron. 
For by the rnftncl's of the metal, the vent widens fo foon, 
and they arc liable to bend at the muzzle, that it would 
be dangerous to (ire them ; as we have found by ex- 
perience at BelleiQe, and where we have been obliged to 
lake guns from the Ihips to finilh the fiege. 

Thefe being undeniable f;i(fts, no pofiible reafon can 
be affigned aj^ainfc ufing iron guns in both fea and land 
feivice, and thereby leflen the expences of artillery, fo 
tonfiderably as will appear by the following tables; 

Length 
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Length and Weights of Iron Ship Guns. 

OLD PIECES. i NEW PIECES. 



Calib. 



42 



Length 

Ft. In. 
4 6 



4 


6 





6 


7 





9 


7 





12 


9 





18 


9 





«4 


9 

9 





32 


6 



Weight 



7*7 



12 2 13 



17 I 14 

23 2 2 






4' I 8 | 
48 .0 o 



S3 3 *3. 



10 o I <c I 12 ] 48 



Caltb^ 


eogth 


Wc igh 1 


S 


Ft. la. 
3 6 


3 


3 


6 


4 4 


7 


z 


9 


5 


II 


z 


12 


5 6 


'S 


< 



18 


6 4 

7 


22 


2 


24 


30 




■ 


32 . 


7 6 


40 

'■ ■ ■ ■■ 


• 


42 
48 


8 4 


J» 


2 


8 6 


60 




-- — ■ — 1 



Guns of this conftruftion appear fuificiently llrong 
from the proof of two three-pounders, made for Lord 
tgmont, and that they may even be made lighter and of 
equal fervice. 

Length and Weight of Battering Pieces. 
OLD BRASS. 



s^alib. 


Length 


Weight- 


6 


Ft. Jd. 
8 


19 


9 


9 


25 


12 


9 


29 a 

1 


18 


9 6 


1 
48 Oj 


24 


9 6 


51 00' 


Ji— 


10 


55 20 



Tocal 227 



N E 


W IRON. 


Calib. 


Length 


Weight. 


6 


Ft In . 
6 I 


9 I c 


9 


7 


14 


12 


7 8 


18 


18 . 


9 


29 I 


24 


9 8 


37 3 


32 


9 


42 



Total 151 o 
Ditf". 76 2 o 

That 



\ 
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That thefe guns are fuffidetnly ftrong, U evident fronl 
the former tnal; befides, there are feveral 32 jKiunders 
of the fame dimenfionsand weight now exifting and fer- 
Ticeablc, though caft in King Charles the Second's time. 
N. B. Thefe battering pieces may ferve in Garrifons. 
It appears from rhele tables that no proportion has. 
beeen obfcrvcd in any guns hitherto made, in refpefl: to 
'their length or weight, but merely by guefs. 

SenK exampUi iojhnv what may befaved by thisfcbcms. 
The Royal George carries a hundred brafs guns, 
which weigh together z 1 8.s tons, the ton cofl 1 30 iM)unds, 
workmanlhip inckidet'. 

The expence of rhefe guns is then ■ 

A fet of the iron guns of the fame 

number and calibers, according 

to my conltruftinn, weighs 

The ton coll 16 pounds, and the 

whole fet 
The Koyal George carries then 
90.4 tons more than Is ne- 
ceffary, and the difference be- 
tween the expence is 
That is I!. 5 times more than the new iron fet coftsi 
or twelve ihips of the fame rate may be fitted out 
lefs charge. 
. r c J S Old I irons euns for a 5 204. 4.? 
Aft'^f *'= iKewf firil-rate weighs' i^?.!?""' 
The diiference betwen the weights? , , 
r ( ij J ■ ^ 70'0 tons 

of the old ana new is -> ' 

The difference between the expence? ^ ^ ^ ^ g ^^^^^^ 

is then J •' ^ 

A fet of brafs battering pieces weighs 11.36 tons 
A ton cod 1 JO pounds, and the fet I47&.8 pounds 
A fet of the new weighs ----- 7.51; tons 
The ton corts 16 pounds,3ndthe fet 117,8 pounds 
That is II time?, and 6jz over, more than the new 

fet, or eleven fets of the new, could be made at 

lefs expence than one of the old. 

The 



28366 poundt 

127.8 tons 

I 2044.8 pounds 
26^21.2 pounds 
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This table ihews^ what may be faved in the Navy ; 
and if we add thofe 00 board Hoops, the different garri- 
fons, and the field train, with the great expence oftheir 
oarriage in th^ field, it may be found pretty near a^ much 
more. 



Noinb. 


WeiPht 


Weight 
of . 





No- 




1 


of 


of 


Difkr. 


of 


Total 1 


Gans. 


Old. 


New. 
2g^6 




Ship9. 


Difference 




100 


4367 3 


iSfi 3 


i 


9058 




90 


3537 3 


2001 


X536 3 


9 


13827 3 




80 


3108 3 


1S27 


"287 3 


7 


9014 1 




74 


3091 


1840 2 


1250 2 


32 


40016 




70 


2997 


1796 t 


1 200 2 


10 


1200^ 




64 


2543 3 


1305 


I»q8 2 


23 


28485 2 




60 


2«77 3 


118^ 


972 3 


30 


29782 2 




5° 


i8di I 


1035 


846 I 


i9 


16078 3 




44 


1365 2 


70s 


660 2 


8 


5284 




40 


1234 « 


312 2 


922 


9 


8298 




36 


963 3 


450 


513 3 


28 


3596 I 




32 


956 2 


435 


521 2 


14602 Q 




28 


593 2 


285 


30S 2 


23 


7095 I 




24 


511 3 
421 2 


255 


276 3 


12 


3321 




20 


191 1 


230 I 


>5 


3+';3 3 




Dii 


(Terence bay 


ireen the We 


ights - - 


. • - 20' 


I9>8 3 c 


> 


iW ^M^^ A rih ^M^ tf% 


"H z 


fs guns of t^ 


vo firft rates 


f — 2C 


>39i8 15 Q 


ELxpences i 


Q ditto 




— S 


•3109 5 






We get jf . 257028 o o 

If then no material objedion can be made to this pro^ 
pofal, fo beneficial to the nation, I humbly hope that it 
will be put in praftice, and that my trouble of com- 
pofing it, after above fifty years application, to theory and 
practice,, will be confide red. 



JOHN MULLER- 



.■ • 
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proportion of Ammunition for the followingl 
Troops, being the Extra Allowance for oncj 
Year, commencing the 25th of March^ 
agreeable to King's Warrant, 1760. 
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N. R The proportion of ammunition for a regiment 
of foot is 64 rounds for each man for fervice, at 6 
drachms each cartridge, and 135 rounds each man for 
exercife, at J of an oz. 

Mufquet flints, 3 to each man for (ervice, and 2 for 
cxercife. 

Mufquet balls, to to each man for exercife. 

The proportion for a regiment of dragoons is one 
pound of powder for (ervice, and two pounds for exer- 
cife to each man ; each cartridge to contain the fame as 
thofe of the foot. 

The proportion for the light dragoons is 64 rounds for 
each man for fervice, at | of an oz. each cartridge, and 
405 rounds each man for exercife, at 3 drachms each 
cartridge. 

The battalions of militia embodied are to have the 
fame proportion of ammunition as a regiment of foot^ 
according to their numbers. 

Ofice e/ Ordnance, May i^, 1760. 

Form of a Certificate for Ammunition to 
be addreffed to the Right Hon. and Hpn*' 
the Board of Ordnance, whatever a 
Supply of Ammunition is wanted, 

THESE are to certify the Right Honourable and 
Honourable the Board of Ordnance, that the 
laft Supply of Ammunition received for Ufe of 
Regiment of or Company of 

under the Command of is nearly expended 

in the Duty and Exercife of the faid Witnrfs 

my Hand this Day of 

To fhiRf, Hoft, and Hon. tbt BoardofOrdnana* 

FINIS. 
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1. Ay^ULLER's Works of Fortification, Attack 
> IVX ^nd Defence, Engineering, Artillery> &c. 

2. Simes's Military Guide for Young Officers, con- 
taining Parade and Field Duty, Regulations, Or- 
ders, Returns, Warrants* &c. 8vo. los. 6d. 

3. Military Courfe ior the Government and 

Conduit of a Battalion, 20 copper- plates, coloured, 
8vo. los. 6d. 

4. Treatife on the Military Science. Compre- 
hending the grand Operations of War, and general 
Rules tor conducing an Army in the Field, 4to. 15s 
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the Soldier, 8vo. 6s. 
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